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comsequences) that sould rowull ‘vom impiementapon of the Proposed AL 
nee and alternatwes Aa cowwonmencs! cffect of comsegucnce ss defined » 1 
modficanon of change m the CUsimg cmv ironment brought adout Oy the achon 
waken Effects can be dorect. mderect. or cumulamwe and can de temporary (short 
term) of permancnt (long term) § ffects cam vary m degree. ranging from only a 
shgit drscernabic change to 2 drastx change wm the environment. For the ES. 
short-term cffects are defined = occurmng dumng the construchon and driling 


compiebon phases Long-term cffects are Caused by construchon and operaions 
that woukd remas. Songer 


The analyses cvaiuated the cffects that would occur m the Proyect Arca. regard- 
tess of land ownersiup However. the diecrssoms on thes proyect by the BLM and 
FS would apply only to federal lands [he effects reported for non- federal lands 
may occur regardless of the BLM ami FS decrssons. Effects on non-federal lands 
are included to provide a full disclosure of effects for the compicte proyect and to 
support other environmental permitting associated with the proyect 


Groundwater 


Dumnng development of CBM. a pornon of the water contained in the coal aquifer 
is removed from CBM wells as produced water The pnmary effects on ground- 
water resources would be associated with the removal of groundwater stored in 
coal seams and the subsequent recharge of aquifers through infiltranon or injec- 
ten of produced water The combined effects of coal miming and other existing 
or reasonably foreseeable conditions on groundwater resources also are descnbed 
within this chapter 


The effects of development of CBM on groundwater resources would be seen as 
a drop in the water level (drawdown) in nearby water wells completed im the 
developed coal aquifers and underlying or overlying sand aquifers. Drawdown is 
observed when a loss in hydraulic pressure head occurs in the developed coal 
aquifers or in the overlying and underlying sand aquifers. The hydraulic pressure 
head 1s the vertical distance between the water level in a water well and the top of 
the confined aqurfer in which the well ts completed. 


Partial removal of groundwater from a coal seam (through coal miming opera- 
hens or development of CBM) would reduce the hydraulic ~wressure head and 
create a hydraulic gradient toward the weil or excavation. There would be a pro- 
gressive decline in hydraulic pressure head with time and distance as groundwa- 
ter flows into a pumping well or excavation. The effect: would be seen as pro- 
gressive declines in the water level (drawdown) within nearby water wells com- 
pleted in and near the developed coal aquifers. 
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Leakage of groundwater ‘rom undertying and overtyimg units into the Coal aqui 
fer would smate recovery m scarby water weils completed in the Coa! aquifer 
Recovery would comtmuc a CBM produced water that infiltrates the surface 
reaches the sand and cosi apufers However. contumued leakage of nfiltratcd 
produced water from owertving and underiving sands into the coats would detay 
notceattc recovery of the sands uni removal of water ends Water levels on 
acarby water wells would De cxpected to recover after removal of water ends 
The rate of recovery mnaily would be raped because of the re-cquilibranon of 
pressure heads within the coal and leakage from overtving and undertying units 
The rate of recovery m the coal and sand aquifers would decrease progressively 
dumng the recovery penod as the enhanced infiltramon of produced water de- 
ches 


Other potennal effects on cxsting water wells ‘vould include changes in water 
yield and quality or methanc emissions Other cffects on groundwater resources 
would consist of potential changes im groundwater chemistry. in the nature of 
groundwater discharge w the surface. or recharge to the aquifers The nature of 
groundwater discharge > the surface as spmngs. seeps. or base flows of surface 
draumages could change Surface discharge of evtracted groundwater from ( BM 
operations into surface dramages. flow-through stock resernons. upland or bot 
tomiand infiltranon mmpoundments. or upiand containment impoundments « ould 
enhance recharge of shallow aquifers below creek and impoundment areas |njec- 
non of CBM produced water would recharge the aquifer units in which the inyec- 
hon wells are completed. 


Overview: Regional Groundwater Mode! 


Hydrogeologic Groups 


A detailed descnpnon of the geology and hydrology of the area is provided in 
Chapter 3. This analysis focuses on the coal seams of the upper part of the Fort 
Umon Formation, the sands of the ov_riying Wasatch Formation. and the ailu- 
vium that underhes surface drainages. 


The Wasatch Formation 1s exposed at the surface over most of the Proyect Arca 
and overlies the Fort Union Formatnon. The Wasatch Formation consists of fine- 

grained sandstones. siltstones. claystones, and coals. The sandstones tend to be 
discontinuous but are used locally for water supply Coal zones generally are not 
economic for miming or development of CBM. except im the area of Lake De 

Smet near the western margin of the PRB. Siitstones and claystones typically are 
of low permeability and form hydraulic confining units (or aquitards) within the 
Wasatch sequence. 


The Fort Umon Formation consists of coals. sandstones. siltstones. and clay- 
stones. The coals of the upper Fort Umon Formation show great vamation in 
thickness and continurty over the PRB. Coal seams spiit and merge over dis- 
tances of a few miles so it 1s more approprate to consider the coals as part of a 
hydrogeologic group rather than as individual aquifers. The upper sequence of 


te F.* re 


PRB O & G FEIS 42 


Guy ¢— Gee Cage 


geologic groups defined on "+ hasss of the straneranine correlane:. of Coal seams 
(Gootsby. Finiey. and Associates 2000). 


All four coal groups can be idennfied im the northern part of the PRB. Groups |. 
2. and 3 merge to form a thick coal unit, known as the Big George. in the central 
pornon of the PRB. Only Group 4 1s prevent in the southeastern part of the PRB. 
where « ss locally known as the Wyodak coal. The outcrop areas of the coal 
seams are characterized by the presence of highly permeabic clinker that forms a 
recharge area for the coal. 


Assumptions for Groundwater 


Recharge to groundwater aquifers occurs from direct infiltranon of precipitanon 
(ran and snowmelt). runoff in creck valleys and standing water in playas. Infil- 
trahen is si uficamt im areas of more permeable surface geologsc units. wach as 
sandstone or the clinker that occurs in outcrop areas of the Fort mon and Wa- 
saich Formanons. Direct infiltranon of preciprtanon provides a minimal vource of 
recharge over most of the area because the climate and surface features prohibit 
vigm ‘icant infiltranon: 


Earty (pre-mine) data on water levels indicate that hydrauln gradients for the 
coal and clinker are steep near the outcrop with highest potentials in the clinker. 
suggesting that the clinker provides recharge to the coal However. the rate of 
recharg: from the clinker units to the coal 1s often limited by a relanvely jow- 
permeability. clay-mch zone that typically occurs af the contact between the 
clinker and the coal. 


Infiltranon of surface water in creek valleys 1s considered an important sourcc of 
recharge to the undertying alluvium and the shallow bedrock aquifers A USGS 
study of two ephemera! dramages in the southern part of the PRB indicated 
stream losses of between 0) 43 and | 44 acre-feet per mile from individual storm 
runoff events (Lenfest !987) and these values were acknowledged to be underes- 
umated. Recharge to shailow aquifers from stream valleys ranged from } 56 to 
26 $ acre-feet per mile for individual storm runoff events in the same study Re- 
cent studies of the losses of surface water in several dramages of the PRB that 
receive CBM produced water during dry weather indicate that conveyance losses 
range from 64 percent to |00 percent of inflows (Babb |99%. Meyer 2000b. AHA 
2001b). 


Conveyance losses include both cvapotranspiratioen and leakage into alluvium 
and bedrock that underlie the streams FE vapotranspiranon vanes seasonaily. but 
probably accounts for less than 20 percent of the conveyance losses over the 
course of a year A monthly water balance caiculanon for the Wild Horse Creek 
dramage found that cvapotranspiration accounted for |8 percent of the convey- 
ance loss associated with the surface discharge of CBM produced water within 
the dramage basin (Hydrologic Consultants inc. 2601) Recharge of shallow ag- 
uifers through ieakage from rivers or streams probably accounts for more than 80 
percent of the conveyance |ovs. 


Discharge of CBM produced water to surface dramages was assumed for this 
analysis io result im a 20 percent total conveyance loss, of which 82 percent 
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would be caused by infiltranon and | 8 percent would de a result of ¢. apotranspi- 
ranon. These values are considerably lower than were demvcd in some studies of 
surface water losses m several dramages of the PRB (Lenfest !987. Babb | 998. 
Mever 1000b, AHA 2001b) and represent a net recharge to shallow groundwater 
of just over |6 percent of the water produced. Higher values for convevance loss 
would correspond to unsaturated stream channe! conditions Perenmiail flows 
hkety would be associated with the surface discharge of CBM produced water 
and would create saturated stream channe! conditions. Lower values for convey- 
ance loss would apply to saturated conditions. 


This analysis assumed that water discharged into infiltranon ompoundments 
would result in 85 percent of the total volume cv aporating of infiltrating ato the 
shallow groundwater system (28 percent cvaporation, $7 percent infiltranen) 
Fifteen percemt of the total volume discharged into infiltration impoundments 
would resurface and contnbute to surface flow This estimate of infiltramon was 
used in the analyses to ensure that the environmental effects that could result 
from substantial infiltranon of produced water are Considered in the ground ater 


mode! analysis, 


This anatysis also assumed produced water discharged ww large Contamment im- 
poundments that are Constructed to allow negligible infiltranon and minumal loss 
to sor morsture (10 percent) would not infiltrate into the shallow aquifer svsiem 
There would be no recharge to shallow groundwater from thi. water handhng 


opten 


Furthermore. the analysis assumed that all of the produced water usert for land 
apphcanon disposal would be used comsumptvely There would >> no net re- 
charge from this water handling option 


Injechon of CBM produced water results in recharge to the sone of injechon 
Injection was assumed in this analyses to occur on somes decper than the For | o- 
von coal zone There would be no net recharge to the Wasatch sands or the coal 
cones within the Fort ( neon Formation from ths water handling upton 


Recharge w the Fort L mon coal zone and higher units by infiltranon of ( BM 
produced water ss summanzed by wub- watershed for cach alternative in | adie + 
| An estemated | 5 to 33 percent of the CBM produced water would infiltrate the 
surtace and recharge the coal zone aquifer under Alternative | 


Hydraulic connection Netween the sands of the Wasatch Formanen and the -oals 
of the upper Fort (mon Formation is lumited because of the low permeabelity 
claystones that separate the two units However. if the hydrauix head ( water 
level) on the coal ts naturally lower than in the overfyimg sands. then there 1s po- 
tential for leakage from the sands into the coal Based on oMservation of «ater 
levels im nested nonitormng wells. comsiderabdic leakage into developed coals 5 
expected only where Wasr'ch sands occur within |00 feet abeve or Delow the 
cos! zone. The rate of leakage typically would be extremely small, but can 
amount to a significant portion of the total recharge into the coal taken over a 


large arca. 
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As sands in the Wasatch Formation tend to be discontunuous. the amount of leak - 
age would also be lymuted by the arcal event of sands within | 00 feet of the coal. 
Locally. the hydraulic connection between the coal zone and Wasatch sands may 
be enhanced if the inteynty of the confining layer ss compromised Dy water sup- 
ply wells that are screened throuy Doth the coal come and the overtying sands. 
by detenoraing well casings. of Dy poorly plugged o2/ and gas wells of exp/-ra- 
tory dri! holes. Leakage irom the Wasatch sands into the coal zone also may Le 
enhanced |f water levels in the coal ore lowered as a result of dewatermg A sg- 
oficamt penod (typrcaily several years) would likely pass defore nonccabdic 
drawdown (drop im water level) in the wands would De apparent Decause of the 
meted hydraulxc Communication between the Coal come and the or criving Wa 
sateen wands 


Parnal solanon of the sand aquifers that overic the coal » indicated im the re- 
suits of the BLM s groundwater monitonng of (he Vearguiss ( BM propect. «fact 
has the longest hestery of operanon (since 1993) The BLM has monitored owo 
sets of pawed wells sunce the proyect began. in one set of wells. the MP l2OC weil 
ss completed m the coal and MP 22S weil ss competed in the firs overiving 
sand zone. 40 feet adowe the coal A decline in the water icve! of more than WO 
feet has been ofserved in the coal monitonng well, wile a devine im the water 
level of 20 feet has Been ofserved im the overiving sand cquifcr after more than / 
‘ars of monmormg (Figure + |) A lag ome of about 4 years cocurred before 
any measurable drawdown was soen in the weil Completed in ite wandisione = \ 
second paw of wells m the arca (MP 20 and MP 2S) shows. molar trend 


The two pass of monitonng wells m the Marques field are the waly source of 
long-term monitonmng data 4. aladic for Wasatch sandsteecs in a BM dev ctop- 
ment arce withen the PRB that has O-ce active for sewera! years The BL has 
been active in setting up and monstomng paired wetls im other areas of the PRB_ 
Dut the hestory of data for these wells is retanvety fort However the data trom 
these nested weiis can De used w cvaluate the vernal perm cadility and icakage 
rate through the 40-foot theck claystone unit that separates the cual from tie 
sandstone in thes area ( AHA and Greystone 2002) 
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Figure +-1 


Medeied vs. Actual Drawdown Graphs for BL V. ViP-22 Meaiter‘ng W ells (West of 
Belle Avr Mine South of Gillette) 


Although the nature of the separanon Detween the upper Fort mon coals and the 
overtving sandstones in the Wasatia Formation vanes greatly over the FRB. the 
data from the Varguiss area demonstrate that 2 40-foot thick clay stone unit pro- 
vides a sigmficant hydraulic Darmer Dut allows 2 smail amount of leakage from 
the overtving sandstone into the pumped coai zone Thr icakage is important 
when the recovery of water leveis after CBM pumping ends ss considered. 
Thacker sequences of Ciavstone that separate the cual from the sandstone would 
be expected | provide even more effectve separamon Decause induced verncal 
gradbents through the claystone umt would be less. The parual solaton of the 
sand aquifers that overte the coal that has Deen documented Dv BLM monitomnyg 
'S assumed in this analysis t© apply wo other areas of the PRB 


Through ome. many climker deposits have Decome saturated as » result of the 
infiltranon of precipitamen and snowmeit. Water may pond along the intertace 
the umOurned coal Spmngs may form at the dase of the Ciimker deposits Mover 
Spnngs. located north of Gillette. 1s an cxampie of this situahon 


Before agnificant Jvai mening and development of CBM degan. regional flow of 
groundwater m the castern part of the PRB was gencraily w the northwest 
(downdsp) toward potenna/ discharge areas 7 the north-central part o/ the PRB 
Coal wells near the Powder River cufsdet flowing artesian Condmons indicanve 
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ot upward flow grachents. This indicanon of upward flow supports the potential 
for groundwater discharge along the northern part of the Powder River. although 
physicai evidence, in the form of springs and sustained river base flow, is aot 
readily apparent. W ater balance caicuianons for the northern reach of the Powder 
River indicate that bedrock discharge to the alluvium is very low. in the range of 
5 to 20 cfs, suggesting that most of the discharge is diffuse and may be consumed 
bv evapotranspiration so that it does not appear as surface flow ( AHA and Grey- 
stone 2002). A significant pornon of deeper groundwater flow in the PRB proba- 
bly discharges farther north. into the drainage basin for the Yellowstone River. 


Groundwater Mcdeling Methodology 

One tool used to predict impacts to the groundwater system under Ajternatve | 
was numencal groundwater flow modeling. Modeling was necessary because of 
the large extent of, variability in, and cumulative stresses imposed »y mining and 
deveicpment of CBM on the Fort Umun and Wasatch aquifer units. Effects from 
development of (BM have been evaluated in earlier EAs for the Marquiss, 
Lighthouse, “orth: Gillette. and South Gillette areas (BLM 1992a, 1995b, 1995c. 
1996a, and 1997). A detailed modeling study was completed for the Little 
Thunder drainage basin in the southeastern part of the PRB (Wyoming Water 
Resources Center 1997). The eastern part of the PRB was modeled for the Wyo- 
dak EIS (BLM !999d). The informanon from earlier studies was reviewed and 


The computer mode! used to support the analysis of groundwater for this proyect 
ts bnefly described here. The complete technical descmption of this groundwater 
mode! is found m the Technical Report for the Powder River Basin Onl and Gas 
Proyect. Groundwater Modeling of Impacts Associated with Mining and C oalbed 
Methane Development in the Powder River Basin (AHA and Greystone 2002), 
on file at the CFO m Casper, Wyoming, and at the BFO in Buffalo, Wyoming. 
Ths report descmbes the specific hydrogeologic data used as the basis for the 
mode! [t also descmbes the numencal mode! and mode! assumptions in more 
detaal. 


Conceptual Regrosnai Vodei 

The regional mode! of groundwater flew for the PRB was based on the concep- 
tual mode! that has ts foundation im the geology and hydrogevlogy descmbed in 
Chapter }. The lateral continu:ty of the coal beamng units of the upper Fort L mon 
Formatron ts considered sufficient such that they act as a regional aquifer system. 
Althoug,. individual coal seams may spiit and merge. there ts sufficrent hydraulic 
commumncanhon, on a regiona! scale. to allow movement of groundwater from 
areas of recharge predominantly at the higher topographic elevations along the 
eastern. western. and southern margims of the dasin. toward the lower topog- 
raphac clevanon areas along the northern margin of the basin. The structure of the 
oper porten of the Fort | mon Formanen is reasonably wel! documented and 
cam be used as a framework for the layers im the regional mode, Recharge ts pn- 
manly through infiftramon of runoff in the extensive aetwork of ephemeral drain- 
ages that characterize the surface topography of the PRB. Thus infiltranon can be 
charactenzed as an overail areal recharge when considered in a regional perspec- 
uve. 
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Groundwater flow witten the Wasaich Formaneon is dommated by ‘ocal mther 
than regronai flow systems. [he genera! lack of lateraily extensive Tamsmmessive 
umits and the dissechur of the shailow pornons of the fermanon Dv surtace Uran- 
ages. result m shorter. more locaiized flow paths from recharge \ discharge af- 
eas. Much of the recharge that emers the Wasatch Formamon prodadiy remains in 
a relamvely shaliuw groumdwatcr sysier and eventually discharges in lopeg- 
raphicaily lower areas im the form of Wansprramen. spmngs. or seeps. The aile- 
vium within larger draimage 2hamacts cor ducts seme of thts sdailow groundwater 
flow. 


Over most of the PRB, the potentiome:-« p essure with the shallow Wasaib 
sandstones is higher than im the deeper * ..ech sandstones aud the und! yong 
a component of vertical groundwater flow so tha? some pernon of the recParge 10 
of groundwater and may locaily divert ‘low laterally On a regronal scale. how- 
ever, tis slow component of downward flow provides most of the recharge to 
the Fort Umion coal zone aquifer. Some recharge to the Fort mon coals occurs 
in coal subcrop areas through clinker zones. Although the clinker has a bagh ca- 
pacity for infiltranen. the low permeabulity of the contact zone dDetween the 
chnker and the unbumed coa/ usually |imuts the rate of recharge to the coal and 
may cause ponding in the clinker and springs to appear at the contact 


The regional groundwater system discharges to the topographicaill, jower valleys 
in the PRB. primamly the lower reaches of the Powder. Little Powder, and 
Tongue Rivers in the northern purtion of the PRB. The groundwater discharge ts 
relatrvely small and diffuse. and is not readily discernable as stream Daseflow 
Flowmg artesian wells along the Powder River Valley form a smai!l component 
of this bedrock discharge. Some discharge also occurs to the Cheyenne and Belle 
Fourche River draimages. but tends to be from shallow local groundwater flow 
systems rather than deeper regional flow systems. 


Modei Construction 
The hydrogeologic mode! code selected was the USGS Three Dumensional Finite 
Difference Modular Groundwater Fiow Model, WODFLOW-96. This mode! 


code is widely accepted by regulatory agencies and currently is used by the 
BLM. 


The regional mode! consists of |7 layers. The lowermost three layers (layers | 5, 
16, and 17) represent the lower members of the Fort Umon Formation and the 
claystone aquitard that separates these members from the overiyimg coals in the 
upper portion of the Fort Umon Formation. The coal-bearmg units of the upper 
portion of the Fort Umon Formaton are represented by layers 8. !0. | 2. and |4 in 
the model. The intervals between the coal-bearing units are represented by layers 
9, 11, amd 13. As the coai-bearing units split and merge in the PRB, the hydraulic 
properties assigned to the layers that represent both coal-bearmng units and inter- 
morc highly permeable clinker in cutcrop areas. Overtying the four coal-bearng 
units 1s a layer (layer 7) that represents claystones within the Wasatch Formation 
that act as a confining unit between the coal-bearmng units and the discontinuous 
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Current producer of CBM «as umulated m te arca wing fe Dstoncal oper 
. nenal data trom the custimg fields. Future development 01 (BM «a wmmulated 
using the esirmate of future development desembed in Chapter > Lnnuai progres 
of development of CBM was simulated as drams wethin Lc apprupnate mode! 
ceils. These drams were set at an clevanon of 16 feet above the top of the Iaghest 
devetoped coal seam in the area. Histomcs’ CBM produchoe sequences were 
sumulated using data on weter producton avarladie from WOGCC Estimates of 
future production of CBN: water assumed an average operanonal hfe of > vears 
tor cach projected CBM weil. 


Steady-state mode! caliDraben was performed 5» matching Ww pre-mming water 
levels or, m a few cases. to the earliest avaslabic stame water levels and w est- 
mated bedrock discharge to alluvwm mm the lower reactes of the Powder River 
This match was assumed to represent steady-state condmmons. The mode! was 
cahbdrated in the transient state Dv matching mode! results agaist avarladic Das- 
toncal data for water leve! montonng and CRM weil production. Sources of the 
data for water level momitomng used te calibrate the mode! include Daddow 
1986, Lowry and Cummungs 1966, Martin et al. 19838, USGS 1974, Hodson et al. 
973, the Gillette Area Groundwater Mon:tormmg Orgamizanon [GAGMO)) (Hy- 
dro-engineering 1996, 2000), individual mine data, and BLM. Data for CBM 
well production came from the WOUCC database and were reviewed by BLM. 
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Chapter 4 — Environmental Consequences 


a0 ts ace 


The following information used in the model analysis is described in Chapter 2. 
New CBM wells are projected by year and sub-watershed. The percentage of 
CBM produced water that would be handled using discharge to surface drain- 
ages, infiltration, containment, land application, and injection is projected for 
each sub-\ ’stershed. 


The model used data for the production of water from WOGCC as the source for 
input of drains during the period from 1988 to March 2001. A total of 6,098 
wells show some production of water during this period. The life span for pro- 
duction was assumed to be 7 years from the start of production. For the period 
from March 2001 to March 2002, 3,677 permitted wells were assumed to enter 
production. These wells were assigned a 7-year life span. It was assumed that 
future wells would be drilled over a 10-year period from March 2002 through 
March 2012 and that each would have a 7-year life span, as described in Chapter 
2. A total of 39,367 new wells were input into the model as drain nodes with ap- 
propriate time schedules and conductance. The producing intervals of the wells 
were distributed among the four coal-bearing units (layers of the model) based on 
existing production or the thickness and depths of the coals in any area. More 
than one coal interval would be produced in many areas and is reflected in the 
model where more than one well per well pad is projected. 


The effects of the various water handling methods were simulated in the model 
by applying additional recharge to the portion of each sub-watershed affected by 
CBM development on a year-by-year basis during the production period. The 
amount of recharge was based on modeled production of water, the projected 
percentage of water handled by the various methods, and the projected infiltra- 
tion associated with each method of water handling. The additional recharge was 
converted to a year-by-year infiltration rate based on the area of CBM develop- 
ment in each sub-watershed. 


CBM wells in Montana were not included within the regional model for the fol- 
lowing reasons. First, the regional model used to project impacts from CBM de- 
velopment in Wyoming requires some input parameters that could not be esti- 
mated for the proposed CBM wells in Montana. Detailed information on methods 
of water handling that was not available would have been needed to account for 
infiltration and recharge in the model to include projected CBM wells in Mon- 
tana within the regional groundwater model. In addition, the regional model was 
designed to provide a conservative estimate of the upper limits of water produc- 
tion in Wyoming. If CBM wells in Montana had been added to the regional 
model, the effect would have been to suppress water production from some CBM 
wells in Wyoming. The exclusion of CBM wells in Montana from the regional 
model likely resulted in the underestimation of the extent of impacts to the poten- 
tiometric surface in some areas near the Wyoming-Montana state line. 


Limitations of the Model 

Nume ‘al groundwater models can be particularly useful tools for refining the 
conceptual model of the groundwater flow systems within a regional basin. How- 
ever, any regional model of this size will involve limitations based on the size of 
the grid nodes and the simplification of a complex hydrogeologic system neces- 
sary for creating the model. The primary purpose of modeling a hydrologic sys- 
tem on a regional, basin-wide scale is to calculate the mass water balance so that 
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long-term gain or loss can be evaluated and to compare the relative effects of 
various alternatives. fhe regional model is an adequate tooi for a comprehensive 
assessment of the effects of CBM development. The results should, however, be 
viewed in perspective with the scale, and a sub-regional or local area model 
should be used to help evaluate impacts on a smaller scale. 


The regional model was constructed using averaged and smoothed values so that 
localized conditions are typically not well refined. The size of each node in th 
model is 2 mile by '2 mile, so infiltration impoundments, small streams and riv- 
ers, and other smaller features cannot be represented exactly. Rather, smaller fea- 
tures are represented by the application of boundary conditions over the entire 
grid node. For example, infiltration of water from an impoundment is applied 
over an entire cell as a very small recharge rate. This assumption is less accurate 
for individual features, but becomes more representative of actual conditions as 
the density of features within a grid node increases. 


Smaller-scale models can be used to provide more definition of the interconnec- 
tivity of the hydrogeologic units. Two sub-area models, which are developed at a 
much smaller scale, complement the regional model and were used to demon- 
strate specific aspects of CBM development in the PRB. The Caballo Creek sub- 
area model was used to match transient water data in an area with a relatively 
long history of CBM development. This modeling allowed an evaluation of hy- 
drologic parameters for confining zones that have a major influence on projec- 
tions of shallow aquifer drawdown and coal recovery after CBM pumping ceases. 
The LX-Bar sub-area model was developed specifically to examine the potential 
influences of infiltration from impoundments on shallow groundwater levels ..: 
the Wasatch sands and adjaceni creek flows in an area where surface discharge 
would probably be limited in light of water quality considerations. 


In the regional model, the Fort Union coal units are reasonably well defined, but 
the Wasatch units lack adequate definition. The Wasatch Formation is highly 
variable throughout the basin but, lacking sufficient geologic data, the Wasatch 
Formation was arbitrarily divided into six layers in the model. No impacts for the 
Wasatch Formation predicted by the model are included in this impact analysis. 


The construction and calibration of the regional model was limited by a lack of 
data from observation wells and on production and geology for the Wasatch 
Formation away from areas of development. The results of the model are poten- 
tially skewed by the data that are available. Results of the model from areas of 
the basin that lack adequate calibration data should be considered only as a gen- 
eral indicator of potential effects. The model should be updated and refined as 
new data become available. 


In the regional model, CBM wells were simulated using drain boundary nodes. 
Any node could encompass one to four actual CBM weils per layer and up to 16 
weils per model column. The number of CBM wells represented per drain was 
accounted for by varying the drain conductance. Using a drain boundary applied 
over the entire node to represent a CBM well, which is more or less a single point 
within the node, will tend to over-predict the water production of a single weil 
during the early stages of production. However, as well density increases within a 
node, the drain boundary becomes a better representation of CBM production. 
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Another mode! limitation stems from the way the MODFLOW code handles the 
case where the water level in a cell falls below the base of the cell because of 
depressurization imposed by pumping or drainage stresses. When a cell becomes 
dry, the MODFLOW code treats it as inactive, so that water cannot move through 
that ceii and any boundary conditions effectively will be removed from the 
model. MODFLOW allows cells to resaturate when water levels recover as a re- 
sult of removing the stresses through a rewetting package. However, during the 
period that dry cells occur, they can affect the horizontal and vertical inovement 
of water throughout the simulated aquifer system. In the regional model, cells 
became dry because of simulated mining and CBM development. The MOD- 
FLOW rewetting package was used to mitigate the impacts of the dry cells on 
results. The rewetting package also has limitations, particularly with regard to 
solution convergence. For the transient regional model, the convergence criteria 
were relaxed in some stress periods to allow convergence for the transient re- 
gional model. However, the water balance checks in the mode! indicated that a 
reasonable solution was reached. 


Alternative 1 


The following discussion outlines the projected effects on water yield and aquifer 
characteristics or conditions, including groundwater quantity, quality, and use. 


Water Yield (CBM Produced Water) 


Table 2—8 shows the projected quantity of water that would be removed during 
CBM development from 2002 through 2017, summarized by sub-watershed. 
Within the Project Area, water production is projected to peak during 2006 at a 
rate of 386,336 acre-feet per year. 


This CBM produced water would consist primarily of groundwater pumped from 
storage within the develo ed coals and water that leaked from nearby sand layers 
into the coals as a result of coal depressurization. Over the life of a CBM well, 
most of the produced water likely would come from leakage into the coal from 
sand layers above and below the cnal zone. Groundwater that can be recovered 
from the coal by pumping would be removed early in the life of a CBM well. All 
of the recoverable groundwater stored in the coal zone within the Project Area 
could feasibly be produced by the end of 2009. using the projected water produc- 
tion in Table 2-8 and the estimate of recoverable groundwater in Table 3-5. 
However, the vast majority of recoverable groundwater in the PRB is contained 
in the sandstones of the Fort Union and Wasatch Formations. The projected 
CBM water production from 2002 to 2017, about 3 million acre-feet (Table 2-8), 
is much less than | percent of the recoverable groundwater (almost 750 million 
acre-feet) in these formations (Table 3-5). Depending on the water handling 
practices used within each sub-watershed under Alternative |, an estimated |5 to 
33 percent of the pumped w~ter would be recharged to the groundwater system 
as a result of infiltration along creeks and below impoundments (Table 4-1 ). 


An exampie illustrates this concept ana explains production declines that are 
typically seen in the PRB. The example considers a 50-foot thick coal seam at a 


depth of 1,000 feet that is bounded above and below by 40-foot thick claystones 
that separate the coal from overlying and underlying sandstone units. It also as- 
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sumes that development of CBM is occurring on an 80-acre well spacing pattern 


and depressurization of the coal causes an average potentiometric head drop of 
500 feet. 


If the coal is not dewatered (water is removed from confined storage only by de- 
pressurization), then the contribution of coal to well water production depends on 
the head drop and the confined storativity. Ling a typical storativity for the coal 
of about 5x10° ft', the contribution to confined storage from the coal would be 
about 2 acre-feet for every 100 feet of head drop or 10 acre-feet in this example. 
Additional water in unconfined storage would be released to the well if the coal 
were completely dewatered. The unconfined storage in the coal depends on the 
thickness of the coal and the specific yield. Assuming a specific yield for the coal 
of 0.4 percent (Table 3-5), the amount of (unconfined) storage in the coal within 
the 80-acre-foot area of one production well would be 16 acre-feet. The confined 
storage contribution therefore becomes comparable with contribution to uncon- 
fined storage in the deeper parts of the basin where head drops of between 500 to 
1,000 feet might be encountered. The total volume of coal storage (from confined 
and unconfined storage) of 26 acre-feet (about 8.5 million gallons) is equivalent 
to a well pumping at 10 gpm for 1.6 years. 


Groundwater stored in the coal would be removed concurrently with leakage into 
the coal from above and below. Depending on the rate of leakage, the coal would 
not necessarily become dewatered in the short time frames noted. The contribu- 
tion from leakage would increase over the life of a well as water stored in the 
coal is removed. Leakage rates under large induced vertical gradients can be sig- 
nificant. For this example, a 500-foot head drop would result in a vertical hydrau- 
lic gradient across the claystones of 12.5. Assuming very low vertical hydraulic 
conductivities for the claystone confining units, 6x10''' ft/sec (derived from the 
Marquiss field data) results in a vertical leakage over the 80-acre area of |.2 gpm 
from both above and below (for a total of 2.4 gpm). Higher head drops, higher 
vertical hydraulic conductivities, or thinner claystone units would lead to higher 
leakage rates. The leakage rates for this example are typical of the pumping rates 
for CBM wells during the latter portions of their productive life. 


The example tilusiiaies Uiai afler abu. the first 2 years of pumping, most of the 
water produced by a CBM well likely would be coming from leakage. The higher 
Storativity and specific yields in the sandstones result in relatively less observable 
drawdown in these units compared with the coal (as actually observed in the 
nested monitoring wells in the Marquiss area), while still providing a large 
source of water for leakage into the coal. 


Aquifer Characteristics 


The removal of water from the coal seam is unlikely to have any measurable ef- 
fects on the physical characteristics of the aquifer and its ability to store or trans- 
port water. Subsidence is discussed under the section on Geologic Hazards. 


Aquifer Conditions 


Removal of water from the coal seam and its subsequent disposal likely would 
have the following effects on conditions within affected aquifers at various times 
during or after development of CBM. 
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Altuvial Aquifers 

Depending or the water handling practices used within each sub-watershed, an 
estimated 80 to 95 percent of the groundwater produced from CBM operations 
would be released to surface drainages or impoundments. A portion of the re- 
leased water would recharge the alluvium. Several studies of water flow losses in 
creeks during dry weather periods show that a considerable portion of the dis- 
charged water infiltrates the alluvium within a few miles of the surface discharge 
outfall. 


Water levels in ailuvium likely would increase from discharges of CBM pro- 
duced water. In areas with near-surface water tables, the increase in water level 
may be exhibited as standing water in areas not previously displaying this condi- 
tion or as wetland development, unless the number of CBM wells releasing pro- 
duced groundwater to surface drainages or impoundments is carefully controlled. 


Ongoing studies conducted by BLM document effects and trends associated with 
the infiltration of CBM produced water into alluvial deposits. BLM studies in the 
foliowing areas are described below: Brown Reservoir, Bone Pile Creek; Burger 
Draw; and Caballo Creek. 


Discharge of CBM produced water into a shallow 6-acre reservoir (Brown Res- 
ervoir in T44N R76W) over a period of almost one year produced nearly a 10- 
foot mse in the alluvial groundwater level immediately adjacent to the reservoir 
within five months of the onset of discharge (Day 2000). Where infiltration im- 
poundments are used as a water handiing method, a rapid mise in alluvial ground- 
water levels could occur in the immediate vicinity of the impoundments within a 
few months of the onset of discharge. Water levels could return to pre-existing 
conditions within a few months after discharge ends, based on monitoring results 
in the Brown Reservoir area. No increase in water levels within alluvial deposits 
near stream channels located downstream of the impoundment could be docu- 
mented (Day 2000). 


The rise in water levels within alluvial deposits likely could be confined to the 
immediate area surrounding the infiltration impoundment, based on monitoring 
results in the Brown Reservoir area. A rise in water level of up to 10 feet has 
been documented at this reservoir; however, changes in water levels could be 
greater or lesser in other areas. The rise in water level would be constrained by 
the unsaturated thickness of the alluvial aquifer near an infiltration impoundment. 
Throughout the PRB, alluvial aquifers typically are thin (30 feet or less). In 
places, alluvial aquifers may have an unsaturated thickness of 30 feet, or may be 
saturated to within 5 to 15 feet of the land surface (Slagle et al. 1985, Lenfest 
1987, Lowry and Rank! 1987, Ringen and Daddow 1990). 


The rise in water level that could be expected within the alluvial deposits also 
could be constrained by the likelihood that lateral flows would occur, limiting the 
rise in water level. Slagle et al. (1985), in describing the hydrology of alluvium 
within the northern portion of the PRB, indicate that once water reaching the 
saturated zone raises the water table in the alluvium to above-normal levels, lat- 
eral flows would be induced, resulting in groundwater discharge to the nearby 
stream. For the purpose of this analysis, an estimated 15 percent of the water dis- 
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charged to infiltration impoundmenss 1s assumed to flow laterally and discharge 
to surface drainages. 


The results of monitoring in the Bone Pile Creek and Burger Draw areas indicate 
that CBM produced water infiltrating the alluvium is continuing to move down- 
ward and recharge the shallow Wasatch sand aquifer, even at depths as great as 
100 feet below the alluvium. Shallow bedrock monitoring wells located close to 
areas where CBM produced water is discharging into creeks or impoundments 
show increases in water levels, indicating this recharge is occurring. Data also 
indicate that CBM produced water is not completely saturating the alluvial sys- 
tem. Declining water levels in the alluvium follow the recent trends in preciptta- 
tion and production of CBM water for the Bone Pile Creek area. Monitoring in 
the Burger Draw area documents a 6-foot rise in alluvial water levels since dis- 
charges of CBM water began in this area in early 2002. 


Studies of streamflow in Caballo Creek, below its confluence with Bone Pile 
Creek, indicate that no significant increase in streamflow can be measured since 
the onset of CBM production. A lack of increased base flow downstream of loca- 
tions where CBM produced water has been discharging indicates that evapotran- 
spiration from the alluvium and leakage into shallow Wasatch sand units may 
consume most of the CBM produced water discharged in the Caballo Creek 
drainage. 


In other areas of the PRB, changes in water levels within the alluvium where 
CBM produced water ts infiltrating the land surface would be expected to exhibit 
similar trends. Increases in water levels in the alluvium likely would closely fol- 
low increases in the discharge and infiltration of CBM produced water. Declining 
production of CBM water likely would result in declining water levels in the ai- 
luvium. Variations in local climate or precipitation in an area could affect water 
levels in the ailuvium. 


The City of Gillette currently pumps the alluvium of Donkey Creek within the 
community to maintain lower water levels. The city’s pumping rate could have to 
increase to maintain current water levels during continued CBM field develop- 
ment. 


Fort Union Coal Aquifer 


Drawdown 

Under Alternative |, the maximum drawdown the model projects in the coal zone 
of the upper portion of the Fort Union Formation from development of CBM in 
the coal-bearing units would occur during the period from 2006 to 2009, depend- 
ing on location and the coal-bearing unit. The modeled drawdowns for the four 
coal-bearing intervals in the model (layers 8, 10, 12, and 14) for the years 2006, 
2009, 2012, and 2018 are shown in Figures 4—2 through 4-17. Because coal min- 
ing and CBM operations are dynamic, the maximum areal extent of drawdown 
may change over time and may increase in some areas of the PRB while it recov- 
ers in others. The maximum drawdown in any sub-watershed generally coincides 
with or closely follows the penod of peak water production in the watershed (Ta- 
ble 2-8). 
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Projections of maximum drawdown and the extent of drawdown are based on the 
projected locations of CBM development. Actual locations and density of dniling 
may result in shifts of drawdown contours from the proyections shown in Figures 
4-2 through 4-17. 


Maximum projected drawdowns would occur in the centers of CBM develop- 
ment. Within the northern portion of the Project Area. production of CBM would 
occur from two or more coai-bearing units. Drawdown would depend on the 
depth of the target coal below the surface. In deep areas of the basin, such as the 
central and northwestern portions. maximum drawdowns projected by the mode! 
would exceed 800 feet. In shallow areas of the basin, such as the southeastern 
portion, modeled drawdowns would be 200 to 400 feet over most of the active 
CBM well fields. 


The locations of calibration monitoring wells are shown on Figure 4-18. Graphs 
of water level drawdown that show modeled versus actua! drawdown over time 
for selected BLM monitoring wells im the Project Area are shown in Figures + |. 
4-19, 4-20. and 4-21. Generally, the graphs indicate reasonable agreement be- 
regional nature of the model tends to smooth and average predicted drawdown 
(AHA and Greystone 2002). The graphs show that the changes in water leve! for 
the coal aquifer that would be induced by CBM development tend to be rapid. 


Initial hydraulic head in the coal, as measured by the water level in a well com- 
pleted in the coal, may be several hundred feet above the top of the coal. This 
mitial hydraulic head ts particularly true in the deep portions of the PRB. where 
the depth to the coal may exceed | 300 feet. Remova! of water from the coal in 
these areas during CBM development could result in drawdown of the hydraulic 
head to the top of the coal at the location of the pumping wells. For reference. 
where the depth to the coal is | 200 feet and the depth to water in a well that taps 
the coal is 400 feet, an initial hydraulic head of 800 feet would exist. Even 
though the thickness of the coal itself may be only |00 feet. maximum drawdown 
mm this example could be as much as 800 feet. 


Recovery 

Recovery of water levels in the coal would become apparent after water produc- 
tion started to decline. Water production starts to decline in different years for 
various sub-watersheds (Table 2-8). Based on the projected developmentof 
wells, all production is expected to end by about 2018. Recharge to the coal 
comes primarily from the redistribution of stored water in the surrounding coal 
and continued slow leakage from overlying and underiying sand aquifers in the 
Wasatch and Fort Union Formations. 
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Figure 4-19 Modeled vs. Actual Drawdown Graphs for BLM MP-2 Monitoring Wells (West of Belle Ayr Mine South of 
Gillette) 
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Figure 4-20 9 =Medeled versus Actual Drawdown Graphs for 61 M Prairie Deg Monitoring Well (Near Sheridan) 
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Figure 4-21 Modeled vs. Actual Drawdown Graphs for BLM 44713! Monitoring Weil (Southeastern Powder River Basin) 


PRB O & G FEIS 


BEST COPY AVAILABLE 5 


—— : 
en 


Chapter 4 — Environmental Consequences 


Initially, recovery would be primarily a result of redistribution of groundwater 
stored in the aquifer. When the stresses of pumping are removed, the groundwa- 
ter in storage outside the areas of CBM development would resaturate and rep- 
ressurize the areas that were partially depressurized during operations. The 
amount of groundwater storage within the coals and sand units above and below 
the coals is enormous. Almost 750 million acre-feet of recoverable 

are stored within the Wasatch-Tongue River sands and coals (Table 3—5). Redis- 
tribution is projected to result in a rapid initial recovery of water levels in the 
coal. The model projects that this initial recovery period would occur over 
25 years. 


By 2030, drawdowns of 50 to 200 feet would be typical within the portions of the 
Project Area that have undergone development of CBM. An estimated 100 feet 
of drawdown would still exist in most of the coal seams in the PRB. By 2060, 
water levels in the coal generally would recover to within 10 to 50 feet of pre- 
operation levels, except in localized areas of the basin. The modeled drawdowns 
for the four coal-bearing intervals in the model (layers 8, 10, 12, and 14) for the 
years 2030 and 2060 are shown in Figures 4-22 through 4-29. The modeled 
drawdown distribution for year 2030 shows the end of the period of ielatively 
rapid recovery in water level. The rate of recovery would then slow dramatically, 
eventually recovering to within 20 feet or less of pre-operation conditions over 
the next hundred years. 


Complete recovery of the water level would be a long-term process because ac- 
tual recharge to the coai aquifer would need to replace groundwater removed 
from storage during CBM operations. Most of this recharge would come from 
leakage from overlying and underlying sand and undeveloped coal units. These 
units would, in turn, be recharged from surface infiltration. Recharge rates would 
increase temporarily as a result of infiltration of CBM produced water discharged 
to impoundments and streams. However, based on modeling and information 
from nested wells, it would take tens of years before these influences from sur- 
face recharge would appear in the coal. Recharge to the coal in the central part of 
the PRB through surface infiltration at the outcrop areas would take even longer. 


Coal mining along the eastern and northwestern subcrop would result in minimal 
recharge to the coal while the mines are active because of the groundwater sink 
caused by pit dewatering. As mines are reclaimed and eventually shut down, the 
backfilled areas would become long-term recharge zones for the coal aquifer. 
Infiltration through backfill areas may be substantial because the permeability of 
the backfill materials tends to be much higher than in the original unmined mate- 
rials. In addition, most of the creeks would be diverted over these backfilled ar- 
eas, providing an important source of recharge water. 
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Wasatch Sand Aquifer 


Drawdown 

Drawdown within the shallow and deep sands of the Wasatch Formation cannot 
be accurately projected by the regional model because of the variability of the 
sand units and the general lack of data available to calibrate the model layers that 
represent the Wasatch Formation. A detailed evaluation of the Caballo Creek 
area was performed because this area has a long history of CBM development 
and because long-term monitoring data are available from Wasatch sands close to 
the developed coal seams. A more detailed sub-area model was constructed for 
this area. The monitoring data allowed a more definitive calibration of the sub- 
model, and accordingly, the projections from the sub-model are likely to be more 
reliable. Figure 4-30 shows the modeled versus actual drawdown over time in 
the Caballo Creek area. Projections are shown for the coal and the deeper Wa- 
satch sands, 40 to 50 feet above the developed coal. Maximum drawdown of the 
deep Wasatch sands is projected to reach about 60 feet in year 2010 (Figure 4— 
30). 


Drawdown effects in deep Wasatch sands can be estimated by extrapolating the 
results from the Caballo Creek sub-area model. Over the PRB in general, the 
drawdown effects in the overlying Wasatch sand aquifers are likely to be much 
less than in the coal aquifer, but may be noticeable for deep sand units that occur 
within 100 feet of a developed coal. Based on the detailed model of Caballo 
Creek and existing monitoring data in the Marquiss area, drawdowns in deep 
sands that occur within 100 feet of developed coals may be between 5 to 10 per- 
cent of the projected drawdowns in the coal. 


Drawdowns in the deep Wasatch sands would tend to occur several years after 
drawdown in the coal. The maximum modeled drawdown in the coal in the Ca- 
ballo Creek model would occur about 6 years earlier than the maximum modeled 
drawdown in the deep Wasatch sands (Figure 4-30). Drawdown in the shallow 
Wasatch sands is expected to occur only near mines and areas where the target 
co?! seam for CBM development is nearer the surface. 


Recharge 

Some of the groundwater released to surface drainages or impoundments would 
recharge shallow bedrock (Wasatch Formation). A portion of the water released 
would recharge the alluvium. In turn, the alluvium along many of the creek val- 
leys would recharge the underlying Wasatch sands. The nature of recharge in any 
area is directly related to the permeability of the surface exposures of the Wa- 
satch Formation under creeks and ponds. 


Recharge to the Fort Union coal zone and higher units by infiltration of CBM 
produced water is summarized by sub-watershed for each alternative (Table 4—1). 
An estimated 15 to 33 percent of the CBM produced water would infiltrate the 
surface and recharge the coal zone aquifer under Alternative |. 
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Figure 4-30 Modeled and Actual Hydrographs of Groundwater Levels in the Caballo Creek Area near Gillette 
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The water levels in shallow Wasatch sands would increase because of infiltration 
of CBM produced water discharged to creeks and impoundments in some areas 
of the basin. Shallow bedrock monitoring wells located close to areas where 
CBM produced water is discharging into creeks or impoundments have shown 
water level increases, indicating that this recharge is occurring. The changes in 
water level for shallow Wasatch aquifers from this recharge effect could not be 
adequately assessed by the regional model but were evaluated by examining the 
area of affected alluvial drainages and the probable range of vertical infiltration 
rates into the Wasatch Formation below the creeks and ponds in a sub-area model 
covering the LX Bar watershed (AHA and Greystone 2002). 


Based on the detailed model completed for the LX Bar sub-watershed, water lev- 
els in the shallow Wasatch sands in the immediate vicinity of infiltration im- 
poundments may experience increases of as much as 50 feet. Water levels in 
shallow sands at locations more than a few hundred feet from impoundments or 
creek discharge points would tend to increase slowly, with a projected increase of 
10 feet (AHA and Greystone 2002). 


The regional model included the recharge volumes from CBM discharge to 
ponds and creeks. The total discharge from CBM operations was obtained from 
the model output for each of the sub-watersheds. This projected water production 
would be managed according to the options for water handling identified for each 
sub-watershed under Alternative | (Table 2—9). The projected net recharge was 
calculated using the percentage of the produced water handled by each method 
and the projected loss through infiltration. This infiltration has been characterized 
as an areal recharge, considering the scale and limited detail in the regional 
model. 


The calculated net recharge volume, on a year-by-year basis, was divided by the 
area of projected development of CBM within each sub-watershed to obtain an 
equivalent recharge rate for the area, in inches per year. This additional recharge 
was then input into the model for the area of development of CBM within each 
sub-watershed during the period when CBM operations are expected to be active. 


Recovery 

Recovery in the deep Wasatch sands would tend to occur after water levels in the 
coal recovered substantially and induced leakage from the deep Wasatch sands 
into the coal became minimal. The projected recovery of water levels in the deep 
Wasaich sands after the end of development of CBM would be slow until water 
levels recover in the coal because the sands would continue to recharge the coal 
even after development of CBM ceases. 


After the water levels in the coals recover substantially and the induced leakage 
from the deep sands into the coals becomes minimal, the Caballo Creek sub-area 
model projects that water levels would recover to within 25 feet of pre-operation 
levels over 20 years after CBM development ends in the area. Throughout the 
Project Area, recovery within the deep Wasatch sands generally would show 
trends similar to the Caballo Creek area, likely experiencing recovery of more 
than 50 percent by 2030. Water levels would eventually recover to within less 
than 20 feet of pre-operation levels over the next hundred years (Figure 4-30). 
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Groundwater Use 


Water Wells 

Impacts to individual water wells completed within the coal, and in sands above 
the coal, would depend on proximity to CBM production wells, depth and com- 
pletion interval of the water well, and the yield required to maintain the well as a 
usable source. Drawdown of water levels in coal aquifers caused by development 
of CBM may affect individual well users by reducing well yield. Refer also to the 
discussion of Methane Emissions presented below. 


Under Alternative |, the modei projects more than 800 feet of coal a juifer draw- 
down near the centers of active development of CBM. The maximum available 
drawdown (the hydraulic pressure head) in the coal aquifer in the affected areas 
ranges from 300 to 1,400 feet. Most individual water supply wells in the coal 
seam do not exceed 600 feet in depth and have up to 300 feet of available draw- 
down. Well pumps typically are set between 50 and 200 feet below the static wa- 
ter level in the well. Impacts in terms of well yield or availability are likely to be 
an issue only if the drawdown exceeds 20 to 30 percent of available drawdown at 
any location. This area would tend to coincide with the area of drawdown in ex- 
cess of approximately 100 feet. The decreased head the well pump operates 
against may cause the pump discharge to decrease. However, yield may be re- 
stored by installing a larger pump if sufficient available drawdown remains in the 
well. In cases where the drawdown causes the water level in a well to drop below 
the intake, the pump may have to be lowered in the well. 


Changes in water levels in wells are not expected to be as significant in the aqui- 
fers above or below the coal because it is confined both above and below by low- 
permeability claystone layers over most of the PRB. Examination of drilling and 
geophysical logs from CBM wells shows that the coal seams are separated from 
sands in the overlying Wasatch Formation by a relatively continuous, low- 
permeability claystone and siltstone confining layer that ranges in *hickness from 
11 to 363 feet. In most cases, the claystone confining unit is at least 30 feet thick. 
The large variation in thickness is mostly a function of whether any significant 
sands exist in the lower part o: the Wasatch Formation at a given location. This 
claystone unit restricts hydraulic communication between the coal and the over- 
lying Wasatch sands. A significant period (typically several years) likely would 
pass before drawdown effects caused by pumping groundwater from the coal are 
apparent in the overlying Wasatch sands. Although as noted in Chapter 3, the 
integrity of the confining layer may be compromised locally by water supply 
wells that are screened through both the coal and the overlying sands, by deterio- 
rating well casings, or by poorly plugged oil and gas wells or exploratory drill 
holes, isolated local influences would not affect regional results. 


Drawdown in the Wasatch sands may affect users of water from the Wasatch aq- 
uifer. The water well agreement would protect landowners if impacts were to 
occur on federal mineral ownership lands and non-federal lands where the 


agreement is in place. 


The model also indicates that the sand units in the lower members of the Fort 
Union Formation may experience declines in water levels of up to 50 feet where 
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This drawdown is unlikely to noticeably affect use of these aquifer units for wa- 
ter supply. Refer to “ ~ section on mitigation measures for water wells that are 
affected individually. A standard agreement has been developed by CBM opera- 
tors to monitor and mitigate impacts to owners of individual water weiis that are 
caused by CBM operations. A copy of this water well agreement format is con- 
tained in Appendix G. Wyoming Statute 41-3-933 specifically states that 
groundwater levels and artesian pressures in water weils are not guaranteed. 


Artesian flow has been reported in wells locaied near the Powder River, where 
the hydraulic head from the deep coal aquifer extends to the surface. Groundwa- 
ter has been discharging in this area, in part, to artesian wells. A reduction in hy- 
draulic head within the coal aquifer (projected to occur during development of 
CBM under Alternative |) likely would reduce or eliminate artesian flow in wa- 
ter wells. Artesian flow in wells likely would not recover until hydraulic head in 
the coal aquifer recovers sufficiently afier development of CBM. 


The recovery of the coal zone aquifer projected by the model is based on the as- 
sumption that significant infiltration from the surface would extend downward 
and reach the Fort Union Formation. The recovery time frame and the likelihood 
that complete recovery would occur are not certain, based on currently available 
data. Recovery of the hydrostatic head in the coal aquifer after groundwater is 
extracted by CBM operations may not ever be comp!ete or may be a slow process 
if infiltration and leakage from the overlying Wasatch Formation are inhibited or 
stopped by shale confining layers above the coal zone at some locations. The pe- 
nod of recovery could be long, longer than a lifetime, or complete recovery may 
never occur. 


Artesian wells in the northern PRB are integral to the area’s agricultural and 
ranching operations. Deep wells »eo: the Powder River that are completed in the 
coal aquifer likely would be affected by drawdown associated with development 
of CBM. Mitigation of water wells in this area could be an undertaking of con- 
siderable magnitude if existing uses are to continue. Mitigation under the terms 
of the water well agreement or landowner’s surface use agreements would con- 
tinue until the hydraulic head of the coal aquifer recovers sufficiently after devel- 
opment of CBM and could involve the descendents of current landowners before 
mitigation is completed. Artesian conditions likely would not recover unless re- 
covery of the last 5 percent of hydraulic head occurs. Groundwater uses that rely 
on the existing artesian conditions in wells likely would be affected for many 
years. 


According to WSEO records, some artesian flow in the northern PRB is associ- 
ated with shallow wells. Shallow wells likely represent a shallow, local ground- 
water ilow system that would not be affected by drawdown of the coal aquifer. 
However, infiltration of CBM produced water may affect the flow rate and water 
chemistry of shallow artesian wells. Flow rates of these shallow wells could in- 
crease while large volumes of produced water are infiltrating the surface at loca- 
tions upstream or uphill of the welis. 


Many issues related to water wells, including shallow artesian wells, deep water 
wells near the Powder River, and monitoring wells at coal mines, would depend 
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on site-specific geologic and hydrologic conditions and existing or proposed de- 
velopments. Water well and monitormg well impacts would be analyzed on a 
site-specific basis at the APD or POD level of analysis, as APDs and PODs for 
federal CBM wells are reviewed by the BLM, and the FS as appropriate. The 
potential effects on water wells and monitoring wells would be analyzed and site- 
specific mitigating measures, or Monitoring requirements relating to a specific 
CBM well or group of CBM wells, would be developed based on the analysis. 
Impacts would be controlled through BLM-mandated APD conditions of ap- 
proval that address landowner agreements, mitigation, monitonng, well control, 


Emissions of Methane 

Withdrawal of water during CBM development can depressurize the coal aquifer 
and induce methane release wt. nearby water welis completed in the coal aqui- 
fer. Individual well users in the coal aquifer may experience an increase in emis- 
sions of methane if the wells fall within an area that expenences noticeable aqui- 
fer depressunzation. 


Opportunities for development of groundwater may be limited in gas-bearing 
formations or in aquifers that contain entrained natural gas. Opportunities for 
development could be limited where gas is present in concentrations that are po- 
tentially explosive or have a negative effect on water quality. 


Although methane ts tasteless, odorless, colorless, and nontoxic to humans, its 
presence in groundwater can create am anoxic environment that may lead to geo- 
odor, and appearance of the pumped water. Near-surface migration of methane 
may displace oxygen, giving nse to anoxic enviroaments where undesirable, sul- 
fate-reducing bacteria can multiply. These bacteria release hydrogen sulfide, a 
toxic gas (BLM 2000a). The spread of bacteria in wells and aquifers could be 


When water that contains entrained natural gas is exposed to the air, gas is re- 
leased from solution and can dissipate rapidly if adequate ventilation exists. 
However, natural gas entrained in groundwater can escape from solution and 
cause fire or explosion hazards in confined or poorly ventilated spaces. 


Records of the first indications of methane production in monitoring wells that 
have experienced drops in water levels as a result of mining indicate that meth- 
ane emission from the coal can occur with as little as 50 feet of head drop (Belle 
Ayr Mine groundwater monitoring data). Consequently, coal wells within the 
predicted 50-foot drawdown area may be susceptible to this impact. Methaie 
emissions by a well pose a potential explosive safety hazard, particularly if gases 
can build up in an enclosed space. Well houses and basements located within the 
area of potential 50-foot drawdown associated with operational CBM well fields 
should be properly ventilated and checked pernodically for methane gas. 


Groundwater Chemistry 


Groundwater quality within the regional aquifer systems of the PRB would not 
be noticeably affected under Alternative |. Limited water quality data suggest 


PRB O & G FEIS 


BEST COPY AVAILABLE ag, 


ee 


Chapter 4 — Emaronmentai Consequences 


ne ere 


<a 


that as CBM produced water infiltrates unsaturated alluvium, interactions be- 
tween the produced water and alluvial deposits result in an alluvial water quality 
very similar to naturally occurring alluvial water quality (Meyer 2002c). Any 
noticeable effects on groundwater quality would be expressed as effects on aqui- 
fers that would serve as injection zones during CBM development or on existing 
springs (which emanate from the ground and may contain groundwater denved 
from these aquifers). 


The issues associated with the potential effects on groundwater chemistry or 
quality are specific to the local conditions associated with sites under evaluation 


for proposed activities. The effects will be analyzed on a site-specific basis at the 
APD and POD level of analysis, as APDs and PODs for federal CBM wells are 
reviewed by BLM and the FS, as appropriate. The feasibility and potential effects 
of proposed development would be analyzed based on local conditions and site- 
specific mitigating measures o¢ monitoring requirements relating to a specific 
CBM well or group of CBM wells would be developed based on the analysis. 


Leakage 

Pumping of water at CBM wells likely would move waters with different chemis- 
try from overlying or underlying sand layers into the coal aquifer. Movement of 
water associated with this leakage from surrounding layers into the coal zone has 
been projected by the groundwater model. No quantitative estimate o1 changes in 
groundwater chemistry can be made based on the limited baseline data from sand 
and coal units. Chemical processes that likely would be occurring and the effects 
of these changes on groundwater quality in the coal zone aquifer are described 
below. 


Some groundwater contained in Wasatch sandstones that directly overlie coal 
zones likely would leak into the Fort Union coal aquifer during development of 
CBM under Alternative |. Preliminary results from sampling of a limited number 
of monitoring well clusters indicate the potential for movement of groundwater 
within the Wasatch Formation downward into the Fort Union Formation (Bartos 
and Ogle 2002, Rice et al. 2002). Groundwater in Wasatch sandstones and coals 
varies somewhat from the Fort Union coal aquifer, with a slightly higher median 
pH, higher concentrations of TDS (1,010 mg/L versus 838 mg/L), sulfate, and 
manganese, but lower concentrations of barium (Bartos and Ogle 2002, Rice et 
al. 2002). 


Procedures for drilling and completing CBM wells are strictly controlled by 
WOGCC and BLM requirements that ensure each formation remains as isolated 
as tt is under natural conditions and that the integrity of the well bore remains 
intact. Development in accordance with these requirements is not likely to allow 
any leakage or mixing of groundwater in the formations penetrated. 


likely has occurred where aquifer zones in existing non-CBM wells were not iso- 
lated during well completion or abandonment because of a lack of mechanical 
are typical in wells contaminated with alkaline cement or bentonite (Bartos and 
Ogle 2002). 
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Many existing non-CBM well bores hkely do not effectively isolate the forma- 
tions penetrated and may serve as conduits for mixing of waters from different 
aquifers. Water wells frequently are screened over multiple aquifer zones, which 
would facilitate mixing of groundwater from different aquifer zones. Many older 
conventional oil and gas weils likely are imadequately cased, which potentially 
could have allowed any groundwater present to leak from one formation to an- 
other. Numerous uncased boreholes were dniled m the PRB to evaluate uranium 
potential and were not properly plugged, which could have allowed any ground- 
water present to leak through the formations that were penetrated. No compre- 
hensive evaluation of the integrity of existing wells within the Project Area has 
been conducted. Many thousands of water wells, non-CBM oil and gas wells, and 


Infittration 

This produced water would mix with available groundwater as it infiltrates. 
However, no quantitative estimate of groundwater chemistry ch nges can be 
made based on the limited baseline data fiom pre~CBM wells and the results of 
groundwater quality monitoring. Chemical processes that likely would be occur- 
ring and the effects of these changes on groundwater quality in PRB aquifers are 
described below. 


CBM produced water that is exposed at the surface typically undergoes immedi- 
ate changes in chemical composition that are the result of introducing oxygen to 
the water. Sulfate-nch surface waters also can mix with the extracted groundwa- 
ter. Where oxygen has been introduced at the surface. iron and manganese have 
oxidized and precipitated, as evidenced by iron staims that are commonly assoct- 
ated with CBM discharge outfalls. Where CBM produced water that is nch in 
sodium and bicarbonate and contains barium has been mixed with sulfate-type 
water, barium has precipitated as banum sulfate. 


Limited monitoring data from shallow alluvial wells suggest that CBM produced 
water that has infiltrated unsaturated alluvial materials resembles naturally occur- 
ring alluvial water quality very near the surface (Meyer 2002c). This suggests 
that the increased volume of water recharging the underlying aquifers of the Wa- 
satch and Fort Union Formations would be chemically similar to alluvial 
groundwater. The alluvial aquifer appears to act as a “buffer,” with CBM pro- 
duced water introduced to the system changing to become chemicaily similar to 
the alluvial groundwater rather than the alluvial groundwater being changed by 
the CBM produced water. 


No supporting data exist to enable an estimate of the magnituds uf the “buffering 
capacity” of the alluvial aquifer, which could provide a projection of whether all 
of the anticipated CBM discharges could be “buffered” by the alluvial aquifers. 
However, the dissolution of gypsum (hydrous calcium sulfate) in the unsaturated 
zone very near the surface by infiltrating CBM produced waters likely is respon- 
sible for the “buffering action” of the alluvial aquifers. Gypsum occurs abun- 
dantly in environments characterized by considerable evaporation, such as 
ephemeral drainages. It is unlikely that gypsum occurring in the unsaturated zone 
of alluvial deposits would be depleted by infiltrating CBM produced water. 
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Dissolunona of gypsum by infiltrating water would add calcium and sulfate to the 
water. Where banum and chionde are available wn infiltrating waters, banum sul- 
fate would precipitate. The dispersal of CBM produced water over the extensive 
ephemeral drainage systems in the PRB would tend to place less demand on the 
“buffering capacity” of the alluvial aquifers im any single location. 


As CBM recharge waters percolate and mix with groundwater, an oxygen-nch 
environment may be created, which will promote mineral oxodanon, dissolution. 
and other chemical reactions. Eventually, when the dissolved oxygen is depleted, 
a reducing environment may be established. 


impoundments 

The groundwater chemistry that is characterisnc of CBM produced water would 
change over time as it evaporates from LUfiltranoa or contamment umpound- 
ments. The processes and changes that are likely # occur are described later in 
thes chapter under the section on Surface W ater. 


Water Wells 

Where CBM wells are drilled in close proximity to existing water wells, water 
quality im existing water wells may be temporarily affected ummediately after the 
CBM wells are drilled and completed. The WSEO has received reports of in- 
creased sediment, fines, and methane odor in wells where water ts being pro- 
duced from a zone shallower thar the target coal. These effects were reported to 
be temporary. clearing up after a ume. 


Springs 

An estumated 15 percent of the volume of CBM produced water handled by infil- 
tration impoundments (Table 2-9) is considered in the analysis of surface water 
effects and the groundwater model to represent the coninbution of CBM pro- 


shallow groundwater could mix with shallow groundwater or surface water from 
natural sources. However, no quantitative estimate of possible changes in 
groundwater chemistry for springs can be made. Chemical processes that likely 
would occur and the effects of these changes on groundwater quality in PRB aq- 


Where CBM produced water mixes with oxygen-nch, near-surface waters, iron 
and manganese in the produced water would likely oxidize and precipitate. Bar- 
tum hkely would precipitate as barmum sulfate where CBM produced water that is 
rch in sodium and bicarbonate and contains barium is mixed with sulfate-type 
water typical of springs. 


CBM operations are not expected to have amy impact on the water quality of 
Moyer Springs because discharge water ts not hkely to encroach on the recharge 
area of the spring. Water from Moyer Springs is of calcium sulfate chemical 
type, with concentrations of total dissolved solids m the 1,000 mg/L to 
2,000 mg/L range (Hodson et al. 1973). CBM produced water likely would be of 
equal or better quality. Therefore, even if some CRM discharge water recharged 
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C8M Drilling Fluids 

Drilling fluids are not expected to have any effect on the Tertiary aquifer system. 
The WOGCC and BLM requirements for well dmiling procedures ensure that 
each formation remains as isolated as unde .. ~ral conditions and that the integ- 
rity of the well bore remains intact, prote sing zroundwater quality in aquifers 
drilled by CBM wells. The enlarged well . =... in open-hole completions is de- 
signed so that it does not disrupt the structural integrity of the coal seam, because 
production of CBM depends on the integrity of the cleats (the system of small 
fractures that occur naturally in the coal). 


Drilling fluids do not contain constituents that would contaminate the formations 
surrounding the well bore of a CBM well. A mixture of water, native mud, and 
bentonite usually makes up the dniling fluid or drilling mud. Small amounts of 
biodegradable polymer additives or potassium chloride salts may be added to the 
mud to clean the hole and stabilize the clay. 


The drilling mud is in contact with the formations surrounding the uncased well 
bore for only a short ime. The drilling fluids are in contact with the well bore 
before it is cased during a period of | to 3 days while the well is being drilled. 
The well bore ts isolated from surrounding formations by casing cemented into 
place when the depths where casing is to be set are reached. The well bore is 
flushed with water before drilling continues. The coal zone is then drilled using 
water or air only. The finished hole may be flushed with water to remove coal 
fines before it is lined with tubing. 


Hydraulic Fracturing 

Small fractures are generated during well completion by hydraulic fracturing 
when the producing formation ummediately surrounding the CBM well bore does 
not contain enough natural cleats or fractures to facilitate movement of gas to- 
ward the well. In hydraulic fiacturing, tiny grains of sand, aluminum pellets, 
beads of glass, or sumular materials are carned in suspension by pressurized water 
and forced out into the formation through perforations in the well’s production 
casing. Only a limited area surrounding the CBM well bore is affected by this 
activity. Hydraulic fracturing is designed so that it does not disrupt the structural 
integrity of the coal seam. 


Fracturing fluids do not contain constituents that would contaminate the produc- 
ing formation. Fluids used in hydraulic fracturing may or may not be acidic, de- 
pending on the characteristics of the producing formation. 


Hydraulic fracturing is strictly controlled so that methane is directed toward the 
well bore. This procedure is designed to concentrate methane near the well bore 
and would not induce methane to migrate away from the well bore toward exist- 
ing water wells. The use of hydraulic fracturing to complete CBM wells is not 
likely to release methane into the groundwater. To date, no impacts of hydraulic 
fracturing on existing water wells have been documented, based on a 1998 sur- 
vey of state oil and gas agencies by the Ground Water Protection Council (EPA 
2002a). 


Hydraulic fracturing, if used to complete CBM wells, is not likely te have any 
effect on groundwater quality. No cases of groundwater contamination associated 
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with hydraulic fractunmg of CBM wells have been substantiated and a recent 
study by EPA concluded that the potential threats to underground sources of 
drinking water (USDWs) posed by hydraulic fracturing of CBM wells appear to 
be low and do not justify further study (EPA 2002a). EPA found that thousands 
of CBM wells are fractured annually but did not find persuasive evidence that 
any drinking water wells had been contaminated by CBM fracturing (EPA 
2002a). The PRB was included in this study. None of the constituents usec um 
hydraulic fracturing have been documented as affecting water wells or ground- 
water supplies in the PRB. 


Injection 

Groundwater flow systems in potential injection zones below the coal zone aqui- 
fer hkely would be dominated by regional flows. Groundwater in these deeper 
aquifer umits has not been developed as extensively as in aquifer units above the 
coal zone and in the coal zone itself. However, high yields of 200 to 300 gpm, 
especially in the Tullock aquifer, make the zone attractive for municipal and in- 
dustrial uses. Many water supply wells for mines are completed in the Tullock 
aquifer (AHA and Greystone 2002). 


The effects of groundwater additions that would be associated with injection op- 
erations are not well known. The injection of CBM produced water into disposal 
wells could affect the chemistry or quality, quantity, and temperature of ground- 
water contained in the injection zone or other aquifers withir the disposal well’s 
area of influence. 


Groundwater Flow Systems 

The groundwater resources of the PRB are vast (Table 3-5) and the reduction in 
volume of recoverable groundwater in storage within the PRB under Alternative 
| would not be notuceable. Regional flow within and out of the PRB also would 
not be noticeably affected under Alternative 1. Any noticeable effects on local 
groundwater flow systems would be expressed as effects on existing springs, 
flowing (artesian) wells, or groundwater discharge areas. 


Groundwater Storage 

Betore wells are developed, aquifers are in a state of dynamic equilibmum where 
recharge and discharge virtually balance over long periods (Lohman 1972). A 
natural groundwater flow system approximates steady-state flow where there is 
no change in head over time (Lohman 1972). 


The groundwater flow system of the PRB continues to be affected by activities 
that extract groundwater, preventing the flow equilhbrium from bemg reestab- 
lished. Only a portion of the groundwater extracted would be replaced through 
additional recharge or reduced discharge. The remaining portion of the ground- 
water extracted would come from storage. Depending on the water handling 
practices used within each sub-watershed under Alternative |, an estimated 15 to 
33 percent of the pumped water would be recharged to the groundwater system 
as a result of infiltration along creeks and below impoundments or injection 
(Table 4-1). 
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CBM produced water would consist primarily of groundwater pumped from stor- 
age within the developed coals and water that leaked from nearby sand layers 


into the coals as a result of depressurization. Most of the produced water likely 
would come from leakage into the coal from sand layers above and below the 
coal zone. Groundwater that can be recovered from the coal by pumping would 
be removed early in the life of a CBM well. 


Nearly 1.4 billion acre-feet of recoverable groundwater exist within the Wasatch 
and Fort Union Formations in the PRB (Table 3-5). The majority of recoverable 
groundwater in the PRB is contained in sandstones within these formations. The 
projected CBM water production from 2002 to 2017, about 3 million acre-feet 
(Table 2-8), is less than 1 percent of the recoverable groundwater (almost 750 
million acre-feet) in the sands and coals of the Tongue River-Wasatch aquifer 
and only 0.2 percent of the recoverable groundwater stored within the Wasatch 
and Fort Union Formations of the PRB (Table 3-5). 


Downgradient Aquifers 

Both shallow and deep aquifers of the Northern Great Plains aquifer system are 
located downgradient of the Project Area (Downey 1986). Shallow Tertiary aqui- 
fers flow north and east toward the northern PRB in Montana with some dis- 
charge in the Gillette area (Lowry et al. 1986). The effects on these shallow 
downgradient aquifers would be similar to the effects already described in this 
chapter for these aquifers within the Project Area. 


Groundwater moves within deeper, lower Tertiary aquifers from southeastern 
Johnson County toward northeastern Natrona County to replace hydrocarbons 
pumped from oil fields in Natrona County (Lowry et al. 1986). This groundwater 
flow system is not hydraulically connected with the Tertiary coal zone aquifer, 
and would not be affected by CBM development. 


Deep aquifers downgradient of the Project Area include the lower Cretaceous 
and the underlying Madison. Neither of these aquifer zones is hydraulically con- 
nected with the Tertiary coal zone aquifer. CBM development within the PRB is 
not likely to affect either of these deep aquifers. 


Groundwater in the Tertiary coal zone aquifer is moving to the north and east and 
is not a significant source of recharge to the underlying lower Cretaceous aqui- 
fers (Lowy et al. 1986). The lower Cretaceous aquifers are recharged principally 
because of leakage from the underlying Madison aquifer (Lowry et al. 1986). 


Groundwater moves within the underlying Madison aquifer toward discharge 
areas in eastern North Dakota and South Dakota (Lowry et al. 1986). This 
groundwater flow system is not hydraulically connected with the Tertiary coal 
zone aquifer and would not be affected by CBM development. 


Pumping of Aquifeis 

Local movement of groundwater near a pumping well or wells can be rapid, in 
contrast to the slow movement of groundwater within a natural system. For ex- 
ample, a 1994 pump test of a municipal well near Gillette produced 85 gpm with 
a drawdown of 53 feet over 470 minutes. In contrast, the infiltration of meteoric 


PRB O & G FEIS 4-58 


BEST COPY AVAILABLE we 


bee «tenets 


ler ae 


Chapter 4 — Environmental Consequences 


water downward along the hydraulic gradient into the Fort Union Formation at 
this same location can be inferred to require more than 50 years to travel less 
than 1,500 feet. This estimate is based on dating groundwater in the Fort Union 
Formation as sub-modern, or older than 1952 (Bartos and Ogle 2002, Rice et al. 
2002), and the as-built diagram for the municipal well (Wester-Wetstein and As- 
sociates, Inc. 1999). 


Flowing Artesian Wells and Springs 

Flowing artesian wells consist of shallow and deep wells. The effects on flowing 
artesian wells under Alternative | would differ based on whether wells tap shal- 
low local groundwater or deeper groundwater within the coal zone aquifer. 


Wells completed in shallow aquifers that flow locally would not be likely to be 
affected by drawdown of the coal zone aquifer during CBM development. These 
wells likely would be affected, however, by the increased availability of shallow 
groundwater where the CBM produced water is infiltrating. Increased flows 
would be the likely effects on wells completed in shallow aquifers. 


An estimated 15 percent of the volume of CBM produced water handled by infil- 
tration impoundments (Table 2—9) is considered in the analysis of effects to sur- 
face water and the groundwater model to represent the contribution of CBM pro- 
duced water to shallow lateral flows and subsequent discharge to springs and sur- 
face drainages. 


Deep flowing artesian wells completed in the coal zone aquifer or sandstone lay- 
ers in hydraulic connection with the coal zone aquifer likely would be affected by 
drawdown of the coal zone aquifer during CBM development. Decreased flows 
or no flow would be the likely effects on wells completed in deep aquifers. 
Changes in flows are not quantified in this analysis. 


The effects on springs that issue from shallow sources would be similar to the 
effects on shallow flowing artesian wells described above. Increased availability 
of shallow groundwater caused by the infiltration of CBM produced water likely 
would cause new springs and seeps to develop downgradient of locations where 
infiltration is occurring. Possible effects on water chemistry are described in the 
subsection on groundwater chemistry. 


The public has expressed concern about the potential effects of CBM develop- 
ment on springs that issue from clinker outcrops, such as the Moyer Springs lo- 
cated north of Gillette in Section 30 Township 51N. Range 71W. Moyer Springs 
is located at the base of an exposed clinker deposit in the outcrop area of the Ro- 
land-Smith coal seam. Recharge of the springs is through surface infiltration and 
lateral movement of water from adjacent clinker and alluvium. The springs issue 
along a low-permeability zone at the contact between the clinker and the coal. 
Large areas of clinker are exposed northeast and southeast of Moyer Springs 
(Williams 1978). This exposure allows a large amount of recharge to the clinker 
by infiltration of rainfall and snowmelt. Hodson et al. (1973) reported a flow of 
200 gallons per minute from Mover Springs. 


No decrease in flows would be anticipated under Alternative 1 where the springs 
result from flow along a near-surface zone of low permeability that intercepts the 
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surface. ifany springs in the Project Area, including Moyer Springs, represent 
this type. A contact of low permeability inhibits flow between the clinker and the 
coal. The presence of a low-permeability zone between the clinker and the coal 
channels water in the clinker to the spring rather than recharging the coal. A de- 
crease in recharge to the spring (which is not projected to occur under Alternative 
1) could reduce flow for this type of spring. 


Groundwater Discharge Areas 

Groundwater has been discharging to the surface in many areas near the Powder 
River, where the hydraulic head from the deep coal aquifer intercepts the surface, 
and flow along the natural groundwater gradient is toward the river. A reduction 
in hydraulic head within the coal aquifer projected during development of CBM 
under Alternative | likely would reduce groundwater discharge and base flows in 
surface drainages within the Powder River’s drainage basin. Groundwater dis- 
charge likely would not recover until the hydraulic head in the coal aquifer re- 
covers sufficiently after development of CBM. Recovery of hydraulic head 
within the coal aquifer also is discussed earlier under the results of the groundwa- 
ter model. 


Negligible infiltration would be anticipated where containment ponds or reser- 
voirs constructed in upland areas would be used to handle CBM produced water. 
It is unlikely that new springs would develop or shallow infiltrated water would 
resurface near properly engineered and constructed containment impoundments, 
provided facilities are sited and constructed in accordance with WDEQ, WSEO, 
and WOGCC requirements. 


The use of infiltration impoundments or flow-through stock reservoirs during 
surface discharge associated with CBM development could cause new springs to 
develop where a near-surface zone of low permeability intercepts the surface, 
unless these water handling facilities are sited to minimize this potential effect. 
Siting in accordance with WDEQ and WSEO requirements and avoidance of 
sites where a zone of low permeability intercepts the surface downhill or down- 
gradient from an area where considerable infiltration of CBM produced water is 
occurring would minimize the potential for shallow infiltrated water to resurface. 


One deiailed model study for the LX Bar drainage (AHA and Greystone 2002) 
showed that the potential contributions to surface flows from increased ground- 
water discharge would be much less than | cfs if all CBM produced water in the 
LX Bar drainage were held in infiltration impoundments. However, the same de- 
tailed study also showed that the potential rise in groundwater in the shallow Wa- 
satch sands would be up to 50 feet in the immediate vicinity of impoundments 
and up to 10 feet in areas that are several hundred feet from impoundments. This 
rise would occur if all CBM produced water in the LX Bar drainage were held in 


infiltration impoundments. 


The current water table may be shallow in many areas where infiltration im- 
poundments could be constructed. The increase in water level in these areas may 
be exhibited as groundwater discharge to the surface, standing water in areas that 
did not previously display this condition, or as wetland development, unless the 
percentage of CBM wells where produced water held in infiltration impound- 
ments is carefully controlled. The effects of impoundment and infiltration of 
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CBM produced water would need to be analyzed on a site-specific basis to en- 
sure that water table and groundwater discharge effects are carefully balanced or 
mitigated during development of CBM. 


The issues associated with the impacts of dewatering (pumping) and infiltration 
on springs, pre-CBM artesian wells, and groundwater discharge areas are specific 
to the local conditions associated with sites under evaluation for proposed activi- 
ties. The effects would be analyzed on a site-specific basis at the APD or POD 
level of analysis, as APDs and PODs for federal CBM wells are reviewed by 
BLM, and the FS as appropriate. The feasibility and potential effects of proposed 
development will be analyzed based on local conditions. Then, site-specific miti- 
gating measures or monitoring requirements that relate to a specific CBM well or 
group of CBM wells would be developed based on the analysis. 


Alternative 2A 


Alternative 2A involves the same number of CBM wells and volume of water 
produced as Alternative |. Except for the differences in recharge that would oc- 
cur based on variations in water handling options (discussed below), the effects 
on groundwater resources would be similar to Alternative 1. 


The recharge effect was evaluated in this analysis by examining the area of af- 
fected alluvial drainages and the probable range of vertical infiltration rates into 
the Wasatch Formation below the creeks and ponds. The total discharge from 
CBM operations was obtained from the projection for each sub-watershed (Table 
2-8). This CBM produced water would be managed according to the water han- 
dling options identified for each sub-watershed under Alternative 2A (Table 2- 
21). The net recharge was calculated using the percentage of the produced water 
handled by each method and the projected conveyance loss. The calculated net 
recharge volume, on a year-by-year basis, was divided by the projected CBM 
development area within each sub-watershed to obtain an equivalent recharge 
rate for the area in inches per year. Depending on the water handling practices 
used within each sub-watershed under Alternative 2A, an estimated 28 to 43 per- 
cent of the pumped water would be recharged to the shallow groundwater system 
as a result of infiltration along creeks and below impoundments. This recharge 
under Alternative 2A is compared below with the values input into the model 
under Alternative 1. 


Alternative 2A involves different handling of the water produced by CBM opera- 
tions in certain sub-watersheds. The proportion of water handled by infiltration 
impoundments and injection would be emphasized under Alternative 2A. Under 
Alternative 2A, less CBM produced water would be discharged to surface drain- 
ages than under Alternative 1. More CBM produced water would be handled us- 
ing infiltration impoundments, containment impoundments, LAD, and injection 
than under Alternative |. In addition, under Alternative 2A there would be a 5 
percent reduction from Alternative | in the volume of produced water handled 
using LAD in the Crazy Woman Creek sub-watershed, with a corresponding in- 
crease in the volume of produced water managed by injection. In the Salt Creek 
| sub-watershed, the elimination of surface discharge would be replaced by other 
| water handling methods, in particular infiltration impoundments and injection. 
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The differences in water handling methods generally would result in an increase 
in infiltration at the ground surface compared with Alternative |. This increase 
would be small, with some watersheds (Antclope Creek, Upper Cheyenne River 
and Upper Belle Fourche River) actually showing small decreases. Increases in 
infiltration of between 12 and 28 percent would occur in the Salt Creek, Upper 
Powder River, Crazy Woman Creek, Clear Creek, Middle Powder River, and 
Little Powder River sub-watersheds compared with Alternative |. Under Alterna- 
tive 2A, the projected increase in surface infiltration would be a small fraction of 
an inch per year in the various sub-watersheds. These small changes would have 
a negligible effect on groundwater conditions within these drainages. An in- 
creased percentage of water in the Crazy Woman Creek and Salt Creek sub- 
watersheds would be managed by injection into aquifer units below the coal 
zone. 


Alternative 2B 


Alternative 2B involves the same number of CBM wells and volume of water 
production as Alternative 1. Except for the differences in recharge that would 
occur based on variations in water handling options (discussed below), the effects 
on groundwater resources would be similar to Alternative 1. 


The recharge effect was evaluated in this analysis by examining the area of af- 
fected alluvial drainages and the probable range of vertical infiltration rates into 
the Wasatch Formation below the creeks and ponds. The total discharge from 
CBM operations was obtained from the projection for each sub-watershed (Table 
2-8). This CBM produced water would be managed according to the water han- 
dling options identified for each sub-watershed under Alternative 2B (Table 2- 
22). The net recharge was calculated using the percentage of the produced water 
handled by each method and the projected conveyance loss. The calculated net 
recharge volume, on a year-by-year basis, was divided by the projected CBM 
development area within each sub-watershed to obtain an equivalent recharge 
rate for the area in inches per year. Depending on the water handling practices 
used within each sub-watershed, under Alternative 2B an estimated 21 to 30 per- 
cent of the pumped water would be recharged to the shallow groundwater system 
as a result of infiltration along creeks and below impoundments (Table 4-1). This 
recharge under Alternative 2B is compared below with the values input into the 
model under Alternative 1. 


Alternative 2B involves different handling of the water produced by CBM opera- 
tions in certain sub-watersheds. An upper limit would be set on the proportion of 
water handled by infiltration impoundment under Alicrnative 2B, and active 
treatment of CBM-produced water would be included as a water handling 
method. Under Alternative 2B, less CBM produced water would be discharged to 
surface drainages than under Alternative 1. More CBM-produced water would be 
handled using infiltration impoundments, containment impoundments, LAD, and 
injection than under Alternative 1. In the Salt Creek sub-watershed, the elimina- 
tion of surface discharge would be replaced by increased use of other methods, in 


particular infiltration impoundments and injection. 
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The difference in water handling methods for Alternative 2B generally would 
result in a small change in infiltration at the ground surface compared with Alter- 
native 1. The changes in infiltration associated with Alternative 2B are generally 
small, with the largest increases in infiltration occurring in the Crazy Woman 
Creek and Middle Powder River sub-watersheds. The Upper Tongue River, Salt 
Creek, Antelope Creek, Upper Cheyenne River, and Upper Belle Fourche River 
sub-watersheds would show small decreases in infiltration. Under Alternative 
2B, this projected increase in surface infiltration would involve a small fraction 
of an inch per year in the various sub-watersheds. These small changes would 
have a negiigible effect on groundwater conditions within these drainages. The 
percentage of water managed by injection by injection into aquifer units below 
the coal zone would increase in the Crazy Woman Creek and Salt Creek sub- 
watersheds. 


Alternative 3 


Under Alternative |, the largest numbers of new federal CBM wells would be 
drilled in the Upper Powder River and Upper Belle Fourche River sub- 
watersheds (24,898 of 39,367 projected wells under Alternative |). The exclusion 
of federal wells from these sub-watersheds under Alternative 3 represents a 77 
percent reduction in the Upper Powder River sub-watershed (14,531 wells) and a 
43 percent reduction in the Upper Belle Fourche River sub-watershed (2,531 
wells). The percentage reduction in wells also would be high in the Middle Pow- 
der River sub-watershed, where the reduction would be 79 percent (or 757 wells). 
More than 1,000 wells also would be eliminated in each of the following sub- 
watersheds: Crazy Woman Creek (1,986 wells); Clear Creek (1,265 wells); Little 
Powder River (1,076 wells); and Antelope Creek (1,041 wells). Relatively lower 
percentage reductions in wells would occur in the Upper Tongue River sub- 
watershed (17 percent) and in the Clear Creek sub-watershed (34 percent). 


Water handling options would be same as under Alternative |. Depending on the 
water handling practices used within each sub-watershed, an estimated 15 to 33 
percent of the groundwater produced from CBM operations would be released to 
surface drainages or impoundments (Table 4—1). 


Table 2-34 shows the projected quantity of water that would be removed during 
CBM development occuring from 2002 through 2017, summarized by sub- 
watershed. Within the Project Area, water production would be projected to px 
during 2005, at a rate of 212,919 acre-feet per year. Although water production 
would decline substantially in all sub-watersheds under Alternative 3, the per- 
centage reduction in water production, compared with Alternative 1, would be 
less than is shown in Chapter 2. Under Alternative 3, individual wells would 
yield more water to maintain sufficient drawdown and allow methane to be pro- 
duced. The projected CBM water production from 2002 to 2017, about 1.6 mil- 
lion acre-foot (Table 2-34), represents about 0.1 percent of the recoverable 
groundwater stored within the Wasatch and Fort Union Formations of the PRB 
(Table 3-5). 


The exteat of drawdown in the coal units would also change. The greatest change 
would occur in the sub-watersheds with the largest percentages of federal wells. 
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The areal extent of the 25-foot drawdown contour would tend to decrease in ar- 
eas where large concentrations of federal wells would be drilled under Alterna- 
tive 1 for example, in the Upper Powder River and Upper Belle Fourche River 
sub-watersheds. It is less likely that state and fee wells would be developed 
around large undeveloped federal blocks unless there would be enough wells to 
maintain adequate drawdown and produce methane. 


The volume of produced water that would reciarge shallow bedrock and allu- 
vium would diminish proportionately with the decline in water production. The 
areal extent of recharge would be reduced to exclude areas that would have con- 
tained new federal CBM wells, such as in the Upper Powder River, Upper Belle 
Fourche River, and Crazy Woman Creek sub-watersheds. In areas that would 
have had very high concentrations of federal wells under Alternative |, the extent 
of drawdown in the coals would be considerably less because of non- 
development under Alternative 3, resulting also in less drawdown within the 
overlying Wasatch sands. 


Cumulative Effects 


Regionally, the various PRB coal zones merge, split, and pinch out laterally in 
complex patterns (Flores 1999, Flores et al. 1999). Coal zone aquifers within the 
Project Area occur as layers that, individually, are continuous only over an aver- 
age distance of 10 miles. Although regional groundwater flow toward the north 
occurs. it is interrupted where coal aquifers are discontinuous, and groundwater 
is discharged in local flow systems. Where coal aquifers are discontinuous, flow 
in local groundwater systems (bedrock, alluvial, and clinker) appears to dominate 
over the flow in a regional system (Rank! and Lowry 1990). Most of this local 
groundwater discharge from bedrock aquifers occurs above stream level and is 
lost through evapotranspiration or is consumed as soi] moisture and does not 
make a noticeable contribution to surface drainages. 


The areal extent and magnitude of drawdown effects on coal zone aquifers and 
overlying or underlying sand units in the Wasatch Formation also would be lim- 
ited by the discontinuous nature of the different coal zones within the Fort Union 
Formation and sandstone layers within the Wasatch Formation. Where a coal 
zone aquifer or sandstone layer pinches ou: laterally, drawdown effects also 
would be interrupted somewhat, although leakage from nearby layers would con- 
tinue. This discontinuous nature of the various coal zones wouid tend to limit the 
areal extent of drawdown in Montana, outside the Project Area, that is associated 
with CBM development in the PRB within Wyoming. 


Computer modeling of groundwater resources could not capture the level of sub- 
surface detail in the PRB. Hydrogeologic layers included in the model assumed 
that the coal beds are more continuous and are of a more uniform thickness than 
actually occur in the PRB to develop a reasonable modei for this analysis. The 
drawdown effects on coal zone aquifers predicted by the model represent the 
maximum areal extent and magnitude of drawdown, assuming continuous layers 
of variable thickness. Drawdown in discontinuous layers likely would be limited 
by the continuous areal extent of the layer. Where coal aquifers are mined, such 
as in the area near the state line, the mine is established as a drain node in the 
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model. A quantitative estimate of CBM-associated drawdown near a mine area 's 
difficult to predict. 


Alternative 1 

The cumulative impacts on groundwater resources from activities associated with 
CBM development and with coal mining were included in the groundwater 
model and impact analysis described earlier in this chapter. Reasonably foresee- 
able groundwater conditions could not be considered separately for proposed 
CBM development. Therefore, the analysis included the impacts of existing and 
reasonably foreseeable CBM development and mining. Reasonably foreseeable 
coal mining, as depicted in mine plans and existing effects of coal mines on 
and existing or already authonzed development of CBM also was incorporated 
into the groundwater model. Projected water production, shown in Table 2-8 and 
already discussed in this chapter, represented the total for existing and authonzed 
CBM wells and CBM wells projected uncer Alternative |. 


Development of CBM through 2018 and coal ming through 2033 would re- 
move 4 million acre-feet of groundwater from the coal zone aquifer (AHA and 
Greystone 2002). Projected water production from CBM development (about 
3 million acre-feet, from Table 2-8) and projected groundwater removed dunng 
mining (about | million acre-feet, estimated on a yearly basis from 1976 to 2033 
in the groundwater model), cumulatively represent 0.5 percent of the recoverable 
groundwater stored in the Wasatch- Tongue mver sands and coals (nearly 750 mii- 
tion acre-feet, from Table 3-5). All of the groundwater projected to be removed 
sent less than 0.3 percent of the total recoverable groundwater m the Wasatch and 
Fort Union Formations within the PRB (nearly |.4 bilhon acre-feet. from Table 
3-5). 


Northeast of Shendan, Wyoming. the model projects some effects of the pro- 
posed project extending int- Montana for a short distance, however, these projec- 
tions near the Montana-Wyoming state line are based on limited data. Draw- 
downs of 100 feet in the Fort Union coal zone are projected to extend | to 
3 miles into Montana (Figure 4-6). The model projects recovery in the coal zone 
to a 20-foot drawdown by 2060 for most areas in Montana that would be affected 
by the proyect (Figures 4-26 through 4-29). 


Cumulatively, groundwater would be removed from the coal aquifers that under- 
lie the Project Area. temporarily reducing or eliminating the hydraulic pressure 
head in the coal. An estimated 15 to 33 percent of the groundwater removed 
would infiltrate the surface and recharge the shallow aquifers above the coals. 
Redistribution of pressure within the coals after water production ends would 
allow the hydraulic pressure head to recover within approximately 50 feet or less 
of pre-project levels within 25 years after the project ends. Complete recovery of 
water levels likely would take tens to hundreds of years, depending on the loca- 
tion. This drop in hydraulic pressure head likely would cause a slight reduction in 
regional groundwater discharge to surface drainages within the Powder River 
system, including drainages downstream of the Project Area. in Montana. 
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Wasatch aquifers that overlie the coals also would be affected by development. 
As the coal is de-pressurized by water removal during mining or development of 
CBM, water contained in deep Wasatch sands would leak into the coals. Water 
levels in the deep Wasatch sands would be lowered, but the drawdown in the 
deep Wasatch sands likely would be less than 10 percent of the level that would 
occur in the coal. Water levels in the deep Wasatch sands also would recover af- 
ter development ends. Recovery to within 25 feet of pre-operational levels would 
occur 25 years after development ends. Complete recovery of water levels likely 
would take tens to hundreds of years, depending oa location. Water levels (the 
water table) in shallow Wasatch sands are not likely to be lowered during devel- 
opment except in areas of shallow coal and also would recover after water pro- 
duction ends. In some areas, water levels in very shallow Wasatch sands likely 
would nse initially, up to 50 feet in the immediate vicinity of impoundments and 
up to 10 feet at distances of several hundred feet from impoundments or surface 
recharge from infiltration of CBM produced water. 


Impacts between CBM and coal development are differentiated below. Some 
similarities and some differences in the impacts are associated with mining and 
development of CBM. 


Effects on the Coal Aquifer 

Both mining and CBM development result in partial removal of the water from 
the coal seam. In mining, the coal is removed so that impacts to the coal aquiici 
are considerable. Immediately adjacent to active mune pits. the water from the 
coal aquifer will drain into the pit, which would dewater the aquifer. The extent 
largely on the continuity of the coal near the mine and its overall permeability (a 
function of fracturing). In areas of high coal permeability, which tend to coincide 
with major fracture trends, the extent of drawdown may be several miles. Areas 
of limited coal drawdown related to mining are associated with lower permeabil- 
ity or less fracturing in the coal. 


velopment of CBM. Pumping removes water (and methane) but leaves the cual 
opment of CBM would be more widespread than ts caused by mining because 
development of CBM would cover a much larger area. Mining is limited to an 
area within 2 to 3 miles of the coal outcrop because of the ratios of overburden 
and coal strips. Development of CBM is projected to cover most of the Project 
Area. 


impacts to Aquifers Stratigraphicaily Above the Coal 

The sand aquifers of the Wasatch Formation are hydrologically separated from 
the coal zone within the Fort Union Formation by low-permeability claystones. 
During mining, the shallower aquifers (the overburden) must be removed to ex- 
pose the coal. Impacts to these aquifers in mined areas are considerable. Immedi- 
ately adjacent to active mine pit areas, the Wasatch sands intercepted by excava- 
tions may drain into the pit and become dewatered. The areal extent of dewater- 
ing in the Wasatch aquifer associated with mining depends largely on the conti- 
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nuitv of the sand units near the mine and whether these sand units are intercepted 
by mining. There are many examples of overburden monitoring wells completed 
in relatively isolated sand units that show little influence from nearby mining. 
Drawdown in the coal aquifer induced by mining, im turn, induces vertical leak- 
age from the overlying Wasatch sands, contributing to drawdown in these sands. 


During developmentof CBM, the Wasatch sand aquifers would not be directly 
affected by excavations or surface-disturbing activities. Leakage from the Wa- 
satch sands into the coal would be enhanced by development of CBM. Because 
of the limited hydraulic communication between the coal and the overlying Wa- 
satch sands, a considerable period (typically several years) may pass before no- 
ticeable drawdown in the sands occurs. The areal extent of drawdowns in the 
Wasatch sands from development of CBM would be much greater than is caused 


by mining. 


Changes in infiltration Rates and Recharge 

During mining, the overburden (including Wasatch sand aquifers) and coal aqui- 
fers are removed and replaced with backfill maicrial (spoils). Infiltration and re- 
charge through the spoils are likely to be higher than in the onginal, undisturbed 
of CBM and the infiltration and recharge mechanisms also would be unchanged. 
Water discharged to the surface from CBM operations would increase recharge 
to alluvial aquifers and underlying Wasatch sands. 


Changes in Groundwater Quality 

Induced leakage of groundwater from the Wasatch sands into the coal zone aqui- 
fer would occur as a result of both mining and development of CBM. The possi- 
ble effects when groundwater from the Wasatch sands mixes with water con- 
tained in the coal zone aquifer are discussed earlier in the section on Groundwa- 
ter, under Alternative | — Groundwater Chemistry. 


After mining, the coal and Wasatch sand aquifers are replaced with spoils that 
have the potential to change the quality of groundwater. Water removed from the 
coal during development of CBM would recharge alluvial and Wasatch sand aq- 
uifers. The possible effects associated with the mixture of CBM produced water 
with groundwater in the shallow aquifer system are discussed earlier in the sec- 
tion on groundwater, under Alternative | — Groundwater Chemistry. 


Discharge of Produced Waters 

Both mining and development of CBM result in the collection and discharge of 
water to surface drainages. Mine inflow water is first stored in sediment ponds to 
reduce sediment picked up in the pit. Much of this water is used for dust suppres- 
sion and is not discharged to surface draimages, except during certain storm 
events. The discharge water from sediment ponds potentially would have higher 
TDS values and be of lower quality as a result of sediment mixing and concentra- 
tion by evaporation. CBM discharges are essentially sediment-free (as produced 
from CBM wells), although discharge to surface drainages can increase sediment 
loading caused by increased stream erosion. 
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recharge water quality. Groundwater withdrawals from lower aquifers for mine 
use also may affect these aquifers. Development of CBM may affect lower aqui- 
fers by inducing upward leakage from them into the coal during coal de- 
2 ee eee 


Moyer Springs 

The potential effect to Moyer Springs flows by proposed surface mining has been 
recognized, as removal of the Wasatch Formation and alhuvial overburden during 
mining Operations may decrease recharge to the spring. Accordingly, the Dry 
Fork Mine Permit requires Dry Fork Coal Company io protect the clinker aquifer 
that feeds Moyer Springs. 


Alternative 2A 


The cumulative umpacts on groundwater resources would be similar to those de- 
scribed under Alternative |, except as noted below. 


Projected development of CBM and development of CBM existing or authorized 
before this analysis also were mcorporated within the groundwater model. Pro- 
jected water production, shown in Table 2-8 and already discussed in this chap- 
ter, represented total water production for existing and authorized CBM wells 
and CBM wells projected under Alternative 24. 


Cumulatively, groundwater would be removed from the coal aquifers underlying 
the Project Area, temporarily reducing or eliminating the hydraulic pressure head 
in the coal. An estimated 28 to 43 percent of the groundwater removed would 
infiltrate the surface and recharge the shallow aquifers above the coal. 


Alternative 2B 


The cumulative impacts on groundwater resources would be similar to those de- 
scribed under Alternative |, except as noted below. 


Projected development of CBM and development of CBM existing or authorized 
jected water production, shown in Table 2-8 and already discussed in this chap- 
ter, represented total water production for existing and authorized CBM wells 
and CBM wells projected under Alternative 2B. 


Cumulatively, groundwater would be removed from the coal aquifers underlying 
the Project Area, temporanlty reducing or eliminating the hydraulic pressure head 
in the coal. An estimated 2! to 30 percent of the groundwater removed would 
infiltrate the suvface and recharge the shallow aquifers above the coals. 
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Alternative 3 


The cumulative impacts on groundwaic: resources would be sumilar to but much 
less in magnitude than those descnded under Alternative |, except as noted be- 
low. 


Alternative 3 assumes that no new federal CBM wells would be completed, ex- 
cept im areas of potential drainage. The substantial reduction in projected new 
CBM wells under this alternative would reduce water production in all sub- 
watershed. The reductions would be greatest in the Upper Powder River and Up- 
per Belle Fourche River sub-watersheds where the highest numbers of new fed- 
eral CBM wells would have been drilled. The areal extent of the 25-foot draw- 
down contour would tend to decrease in areas where large numbers of federal 
wells were projected to be dniled under Alternative |. 


Projected development of CBM and development of CBM existing or authonzed 
jected water production, shown im Table 2-34 and already discussed in as chyp- 
ter, represented total water production for existing and authonzed CBM wells 
and CBM wells projected under Alternative 3. 


Cumulatvely, groundwater would be removed from the coal aquifers underlying 
in the coal. An estimated 15 to 33 percent of the groundwater removed would 
infiltrate the surface and recharge the shallow aquifers above the coals. 


Surface Water 


Potential effects to surface water resources may include: (1) changes in surface 
water quality and suitadility to meet designated uses: (2) changes in the quantity 
and distnibution of surface flows: (3) erosion and degradation of the drainage 
network; and (4) increased < ‘ymon. The magnitude of effects to suriace 
water resources would depe. « | saber of factors, including the quantity and 
uming of CBM produced water di. .arges, the surface water quality at the pont 
of downstream diversions, existing and future downstream designated uses, and 
the specific mix of water handling options implemented to prevent CBM dis- 
charges from reaching the main stem streams. 


The overall effects of the proposed project on surface water resources would be 
similar among alternatives, however, the magnitude of these effects would vary 
because of the different water handling percentages proposed for cach alterna- 
tive. 


Surface Water impact Analysis 


A major beneficial use of surface water in the Project Area ts the production of 
ungated crops. Therefore, the surface water impact analysis focuses on the po- 
tential effects to the suitability for ingation of surface waters in the Project Area 


from proposed discharges of CBM produced water. The effects of CBM pro- 
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duced water (quantity and quality) on soils, vegetation, wetland and mparian ar- 
eas, and aquatic life are discussed in subsequent sections. 


The key water quality parameters for predicting the potential eftects of CBM de- 
velopment on urigated agriculture are sodicity (as measured in the sodium ad- 
sorption ratio, SAR) and salinity (as measured by electrical conductivity, EC). In- 
stream numerical targets for these parameters, therefore, would facilitate model- 
ing and interpretation of umpacts under the various alternatives. Ideaily, those 
numerical targets would be in the form of numencal water quality standards, in 
other words, values with regulatory authority. At this ume, with the exception of 
waters that flow trom Wyomung into South Dakota, there are no regulatory water 
quality standards for these parameters apphcable to the water bodies addressed in 
this analysis, or for water bodies downstream in Montana that are likely to re- 
ceive flows of CBM produced water from Wyoming. 


Therefore, because of the importance of this issue, the regulatory agencies with 
jurisdiction for the potentially affected water bodies have begun the process of 
quannfying the SAR and EC values they believe will be needed to ensure proiec- 
tion of irngated agriculture in and downstream of the Project Area. In May 2002, 
for example, the Northern Cheyenne Tribe adopted numerical water quality stan- 
dards for SAR and EC that apply to waters within the reservation, which include 
flows in the Tongue River from Wyoming. Although these tribal standards will 
not attain Clean Water Act regulatory status until the EPA approves them, the 
adopted numerical standards clearly set out the Tribe's determination of the wa- 
ter quality needed to protect ungated agnculture on the Reservation. 


Wyoming's current permitting process incorporates the numeric water quality 
standards for EC and SAR adopted for water bodies downstream in South Da- 
kota, specifically drainages in the Upper Cheyenne and Upper Belle Fourche 
River sub-watersheds. Wyoming and Montana have entered an ‘nterum MOC for 
waters downstream in Montana to protect the downstream water quality in the 
Powder and Little Powder River sub-watersheds while allowing for development 
of CBM in both states. This MOC is presented in Appendix B. Interim thresholds 
are established for EC in the Powder River at the state line, based on monitoring 
data collected at the gauging station in Moorhead, Montana. The criteria for EC 
are expressed in monthly maximum values that are not to be exceeded. The two 
states are also concerned with SAR and bicarbonate, but lack sufficient data to 
establish threshold criteria. Under the MOC, monitoring of the Little Powder 
River will include EC, SAR, and TDS to evaluate whether levels of these con- 
stituents change appreciably from historical records. The State of Wyoming 
would be required to undertake a cause investigation in the event that significant 
changes in baseline conditions are detected to determine if CBM discharge is 
responsible. Wyoming may be required to adjust its regulatory position with the 
permitting process to ensure compliance with the spirit of the agreement. Wyo- 
ming, through its NPDES permitting process, is restnicting the amount of CBM 
discharge water that reaches the main stems to meet the short-term goal of the 
MOC. Discharges are limited through such mechanisms as pond storage, channel 
loss, and other consumptive uses. Furthermore, as a matter of policy, WDEQ has 
elected to impose its antidegradation policy on all CBM discharges. This policy 
results in effluent limitations in NPDES permits for discharges of CBM produced 
water that equate to 20 percent of the available increment between low-flow pol- 
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hutant concentranons and the relevant standards (assimilative capacity) for cnt- 
cal constituents. A separate antidegradation policy for barwm, in which the as- 
sumilative capacity is basin-specific, is also applied to CBM discharges. Montana 
has accepted Wyomung’s antidegradation policies to be protective of Montana's 
water quality. 


Montana has imitated a process for developing and adopting water quality stan- 
dards for SAR and EC as well, with the goal of having a final decision by the 
Montana Board of Environmental Review by December of 2002. Within the 
Montana process, MDEQ has proposed two approaches: one would assign a sin- 
gle set of SAR and EC values to each of the potentially affected water bodies 
(option |) and the second would assign a seres of values that would be applica- 
ble to the mainstem of the Tongue River (option 2). MDEQ lists a range of val- 
ues to be considered by the Board for each approach. In addition, a coalition of 
environmental and ungation interest groups, collectively known as the “Pettion- 

ers,” has proposed a set of numerical SAR and EC standards. The Petitioners in- 
clude: the Tongue River Water Users Association; the Tongue and Y ellowstone 
Resource Council. The Petitioners’ proposal takes an approach similar to 
MDEQ’s option 2. Finally, some time ago, South Dakota’s Department of Envi- 
ronment and Natural Resources (SDDENR) adopted numerical SAR and EC 
standards that are applicable statewide. 


There are, then, five sets of numerical standards for SAR and EC now under con- 
sideration or applicable to the water bodies that are addressed in this analysis: the 
Northern Cheyenne Tribe's adopted water quality standards; Montana's option |; 
Montana’s option 2; the Petitioners’ proposal; and South Dakota's adopted 
statewide water quality standards. Together, these five sets of values present a 
wide range of numerical values, and Table 4-2 displays the full range. It includes 
both the least and most restrictive proposed upper limits, where applicable, for 
SAR and EC. Because the water quality standards development process is stil 
under way for key water bodies addressed in this analysis, however, it would be 
inappropriate for the lead or cooperating agencies to seiect specific numerical 
values within the range and to apply only those selected values in evaluating po- 
tential umpact scenamos. Instead, this document uses the full range of potential 
SAR and EC values as the boundaries to display outputs from surface water 


The information displayed should be applied with the three following considera- 
tons: First, it should not be assumed thai any SAR or EC value within the range 
displayed will be deemed an appropriate level of protection for the existing or 


anhicipated ungated agricultural uses in these basins. Second, the water quality 
standards process involves adoption by a state or tribe followed by EPA review 


and approval, and state- or tribally adopted limits will not have Cleam Water Act 
regulatory status unt! approved by EPA. Third, the water quality standards proc- 
ess is still under way and it is not possible to predict the outcome of the process. 


Nevertheless, whale the eventual outcome of this water quality standards process 
iS uncertain at present, it may be useful to note the specific SAR and EC values 
adopted by the Northern Cheyenne Tribe and the SDDENR, and those proposed 
by the MDEQ and the Petitioners and to include those values within specific im- 
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pact scenarios evaluated. These SAR and EC values were developed with assis- 
tance from advisors with expertise in the effects of salinity and sodicity on irr:- 
gated agriculture. Therefore, it would not be unreasonable to view these values as 
providing a fair estimate of the range of SAR and EC values that may eventually 
be judged as providing an appropriate level of protection for irrigated agriculture 
in the sub-watersheds addressed in this analysis. The specific EC and SAR values 
proposed or adopted for these sub-watersheds are presented in Appendix H, al- 
lowing for application of specific, proposed, or adopted numerical standards in 
the evaluation of various impact scenarios. 


Another factor to be considered in applying the information displayed is the sig- 
nificant distinction between the approach to surface water modeling applied to 
alternatives analyzed in this EIS and the approach that eventually will be used in 
calculating discharge limits for future, specific CBM development projects. The 
modeling approach used in this document begins with an assumed water man- 
agement method for the proposed development under each alternative and, apply- 
ing a series of assumptions (see discussion below), predicts a resultant in-stream 
water quality. That predicted water quality modeling output is then displayed 
against the full range of potential SAR and EC limits for each sub-watershed, 
with no assessment as to the appropriateness of any specific value within the 
range. The water quality-based approach that will be used to calculate future 
NPDES permitting requirements, instead, will begin with appropriate and spe- 
cific in-stream water quality targets, such as approved water quality standards. 
Then, through the TMDL process, the standards will be translated into discharge 
limits for specific CBM development projects. 


The standards will serve as the regulatory basis for controlling CBM discharges. 
The ater quality-based permitting approach that will implement those standards 
is, therefore, different from the predictive modeling approach used in this analy- 
sis. That is, the water quality-based approach will begin with a desired in-stream 
water quality and, using that as the target, will calculate the CBM discharge lim- 
its needed to ensure the desired in-stream water quality. Finally, where the 
TMDL process identifies assimilative capacity for a water body, the capacity will 
be allocated through the TMDL among the appropriate governmental entities 
along the water body. Where a tribe is one of the appropriate governmental enti- 
ties, EPA has a trust responsibility to ensure that a fair and meaningful portion of 
the available assimilative capacity is reserved for the tribe. 


Table 4—2 summarizes the highest and lowest standards proposed for or applica- 
ble to the sub-watersheds addressed in this analysis. Construction of this table 
considered the full range of values proposed in the Montanta standards process 
now underway, the adopted Northern Cheyenne standards, South Dakota’s stan- 
dards, and the limits applied by the WDEQ to waters that flow downstream into 
South Dakota. The proposed limits apply to individual sub-watersheds and have 
been suggested for seasons of the year. For example, different limits have been 
proposed for the irrigation season. However, because a single irrigation season 
has not been agreed upon, the limits have been lumped together. South Dakota 
applies water quality standards for EC and SAR year-round. The limits shown in 
Table 4—2 were incorporated into the discussion of impacts that follows. Because 
CBM «G.scharges to the Upper Powder River, Clear Creek, Crazy Woman Creek, 
and Salt Creek sub-watersheds have the potential to flow into the Middle Powder 
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River sub-watershed in Montana, Montana’s proposed limits for the Powder 
River have also been applied to these sub-watersheds. WDEQ applies limits in 
the Upper Cheyenne (also applicable to Antelope Creek) and the Upper Belle 
Fourche sub-watersheds in authorizing discharge permits for CBM produced wa- 
ters to protect the most sensitive crop (such as alfalfa) that may be grown down- 
stream (Beach 2002). 


Table 4-2 Summary of Proposed Limits for Surface Water Impact 


Analysis 
ee 

Limit (MRPL) Proposed Limit (LRPL) 

Tongue 0.5 500 10 2,500 

Little Powder 3.0 1,000 10 3,000 

Powder 2.0 1,000 10 3,200 

Belle Fourche 10! 2,000! 10° 2,500" 

Cheyenne ic’ 2,000' 10° 2,500° 

Notes: 

1. WDEQ limit applied to waters that flow downstream into South Dakota. 

2. South Dakota's existing water ity standard. 

Modeling Approach 


The spreadsheet model used in the surface water impact analysis employs a 
Steady-state mass-balance approach to estimate EC concentrations and SAR val- 
ues after stream flows and CBM produced water discharges have mixed. This 
Steady-state approach is commonly used by the regulatory agencies in predicting 
possible effects of point source discharges on receiving waters. Input parameters 
for the mode! were developed from analysis of existing data on stream flow and 
water quai'ty, existing CBM production, and representative coal water quality 
data that incorporate reasonably conservative assumptions. The input parameters 
are described briefly below, and in greater detail in the Surface Water Quality 
Analysis Technical Report (SWQATR), which was prepared in support of this 
document. The spreadsheet model provided a conservative, yet reasonable, esti- 
mate of the impacts of the proposed development of CBM on surface water qual- 
ity in and downstream of the Project Area. 


Model Input Parameters 


Stream Flow 

Representative flow rates for streams in the Project Area were obtained froin 
analysis of the historical record at USGS stream gauging stations (Kuhn 2002). 
Base-flow conditions in the streams are represented by the low of the mean 
monthly flows and were used in the impact analysis for predicting water quality 
effects under worst-case conditions. This information is presented in Table 3-8. 
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Stream Water Quality 

Representative EC and SAR values for streams in the Project Area were obtained 
from analysis of the historical record at USGS stream monitoring stations (Meyer 
2002b). This information is presented in Table 3-11. EC and SAR values that 
correspond to mean monthly flow conditions were used in the surface water im- 
pact analysis. 


CBM Discharge Rate 

BLM analyzed water production data from existing wells that were downloaded 
from the WOGCC web page to project total water production on an annual and 
an over the life of the project basis by sub-watershed (BLM 2002). For the Upper 
Belle Fourche, Antelope Creek, and the Upper Cheyenne River sub-watersheds, 
the number of wells and corresponding flow rate per well in the peak year of wa- 
ter production were used as input parameters in the surface water impact analy- 
sis. The average peak discharge rate in these sub-watersheds is 7.0, 11.9, and 9.6 
gpm per well, respectively. A value of 6.2 gpm per well, which represents a ba- 
sin-wide (Wyoming and Montana) average production rate during the peak year 
of water production, was used in the Powder River, Little Powder River, and Up- 
per Tongue River sub-watersheds. 


CBM Water Quality 

BLM has summarized and modeled EC and SAR values for CBM produced wa- 
ter by sub-watershed (BLM 2002). This information is shown in Figure 3-1. 
Mean values for EC and SAR were used in the surface water impact analysis. 
The EC and SAR values used in the impact analysis in the Upper Cheyenne 
River sub-watershed represent a flow-weighted average of the combined dis- 
charges from the Antelope Creek and Upper Cheyenne River sub-watersheds. 
The EC and SAR values used in the impact analysis in the Middle Powder River 
sub-watershed represent a flow-weighted average of the combined discharges 
from the Salt Creek, Clear Creek, Crazy Woman Creek, Upper Powder River, 
and Middle Powder River sub-watersheds. 


Model Assumptions 
The following assumptions form the framework for evaluating the impacts in this 


analysis: 


>» Discharge of CBM produced water to surface drainages was assumed to 
result in a conveyance loss of 20 percent. This value is considerably lower 
than the values derived from studies of surface water losses in creek flows 
within several drainages of the PRB (Meyer 2000b, AHA 2001b). These 
previous studies were limited geographically to specific areas of the PRB 
and did not account for certain times of year (especially winter) when 
evaporation and evapotranspiration losses would be reduced. Therefore, the 
value used in this model for conveyance loss was decreased between the 
DEIS and FEIS to account for these conditions. The remaining 80 percent of 
the CBM produced water discharged to surface drainages was assumed to 
reach the main stem in each sub-watershed. 


» Where produced water is discharged to infiltration impoundments designed 
to allow infiltration, 15 percent of the water would resurface and contribute 
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to in-channel flow; the remainder would infiltrate into the shallow aquifer 
system. 


>» CBM produced water that is actively treated was assumed to be 100 percent 
consumptively used because of its higher quality. 


>» Water produced from CBM wells and managed through containment, LAD, 
and injection would not have direct effects on quantity and quality of sur- 
face water because, by definition (see Chapter 2), none of the discharged 
water under these options would reach drainages in the sub-watersheds. In- 
direct effects from implementation of these water handling options, such as 
potential effects to waterfowl from evaporative concentration of CBM dis- 
charged waters in containment impoundments and potential effects on soils 
and vegetation from LAD, are discussed in subsequent sections. 


» The percentage of CBM water production handled by active treatment, con- 
tainment, LAD, and injection, and the proportion of water lost to the shal- 
low aquifer system from infiltration impoundments is summarized collec- 
tively as Managed Water Loss. 


» It was assumed that the sodium and salinity content of water produced from 
CBM wells are the target constituents that control the usefulness of the wa 
tur for irrigation of crops. Irrigation is the primary beneficial use for the ma- 
jority of water resources in the sub-watersheds expected to have the greatest 
potential for CBM development, especially with respect to the Montana por- 
tion of the PRB. Sodium causes osmotic stress to plants and destroys the 
texture of clayey soils; these combined effects make sodium content, and 
especially SAR, a point of emphasis when evaluating impacts to water re- 
sources from CBM water. The salinity of irrigation water, as expressed by 
EC, affects crop productivity. 


» EC and SAR values for resulting mixtures of existing stream water and 
CBM discharge water under various flow conditions are compared with the 
MRPL and LRPL listed in Table 4~2. A comparison was also made between 
the existing and resultant water quality using the Ayers and Westcot (1985) 
irrigation suitability diagram, which compares water quality before and after 
mixing in terms of suitability for irmgation and especially for impacts on 
soils irrigated with the water. Elevated values of SAR may reduce the per- 
meability of soil, thereby reducing the rate of water infiltration. The Ayers- 
Westcot diagram was also used to evaluate the proportion of CBM dis- 
charge that could reasonably occur under various flow conditions without 
causing potential effects to infiltration. The proportion of CBM discharge 
specified includes managed water losses described under each alternative. 
The irrigation season is defined for this analysis as the period April | 
through October 31. 


» The impact analysis did not consider changes in water quality that may oc- 
cur as the CBM discharge flows overland toward the main stem streams or 
as it infiltrates to shallow groundwater systems and is discharged to surface 
flows. Water quality and flow monitoring results from the tributary monitor- 
ing program suggest that CBM discharges tend to pick up salts (EC) from 
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the soils and alluvium as they flow down tributary channels and that SAR 
values decrease (AHA 2001a). Thus, CBM discharges improve between the 
discharge point and the receiving stream with respect to SAR but worsen 
with respect to EC. Therefore, using the water quality of the CBM discharge 
provides a more conservative estimate of the impact on surface water of the 
main stems. 

>» The impact analysis did not consider individual constituent (sodium, cal- 
cium, and magnesium) values in determining the resultant SAR values. This 
assumption is inherently conservative (Greystone and ALL 2002). 


Comparison of Alternatives 


Surface water flow is expressed in this analysis in cubic feet per second, or cfs. 
The water produced from wells is expressed in gallons per minute, or gpm. One 
cfs is equivalent to 448.83 gpm. Large flows or volumes of water are expressed 
as acre-feet. One acre-foot is equivaient to 43,650 cubic feet, or 325,851 gallons. 


Alternative 1 


Under Alternative |, CBM produced water flows would be handled through di- 
rect discharge to surface drainages, passive treatment before surface discharge, 
discharge to upland and bottomland infiltration impoundments, discharge to con- 
tainment impoundments, LAD, and injection (Table 2-9). With surface dis- 
charge, CBM produced water flows would be gathered for discharge at outfalls 
authorized in accordance with guidance and requirements of the State of Wyo- 
ming (WDEQ and possibly WSEO). Passive treatment would be employed pri- 
marily to remove iron, and under Alternative 1, would occur only in the Upper 
Tongue River, Middle Powder River, and Clear Creek sub-watersheds. 


BLM analyzed water production data from existing wells downloaded from the 
WOGCC web page to project total water production on an annual and an over the 
life of the project basis by sub-watershed (BLM 2002). This analysis assumed 
that all of the 12,024 existing wells would produce water before 2002 and that 
water production for the last of the existing wells to be drilled ends after 2007. 
Water production from the last of the 39,367 new wells to be drilled is assumed 
to conclude at the end of 2017. Projected CBM water production under Alterna- 
tives |, 2A, and 2B is shown in Table 2-8. 


Under Alternative |, the maximum CBM water volume produced annually is ex- 
pected to increase from an estimated 109,429 acre-feet per year produced from 
existing CBM wells in 2001 to an estimated 386,336 acre-feet per year in 2006. 
The peak year of water production by sub-watershed varies, and these years were 
modeled in the surface water impact analysis to evaluate effects from CBM pro- 
duced water discharges. 


Alternative 2A 


Under Alternative 2A, CBM produced water would be handled by the same 
methods specified in Alternative | (Table 2—21). Use of upland and bottomland 
infiltration impoundments would be emphasized. With the exception of a propor- 
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tion of direct surface discharge in the Upper Belle Fourche River sub-watershed 
authorized under existing NPDES permits, requirements for passive treatment, 
primarily for iron, would be imposed in all sub-watersheds. There would be no 
surface discharge in the Salt Creek sub-waiershed. The volume of water pro- 
duced and the peak year of water production would be the same as under Alterna- 
tive 1. 


Alternative 2B 


Under Alternative 2B, CBM produced water would be handled by the same 
methods specified in Alternative | (Table 2—22). Use of active treatment, such as 
reverse Osmosis, or ion exchange systems, to amend the produced water to meet 
water quality standards prior to discharge would be emphasized. Some levei of 
active treatment w. uid be implemented in all sub-watersheds except for the Up- 
per Belle Fourche River sub-watershed. The level of treatment would depend on 
the constituents of concern and downstream designated uses. With the exception 
of a proportion of direct surface discharge in the Upper Belle Fourche River sub- 
watershed authorized under existing NPDES permits, requirements for passive 
treatment, primarily for iron, would be imposed in all sub-watersheds. There 
would be no surface discharge in the Salt Creek sub-watershed. The volume of 
water produced and the peak year of water production would be the same as un- 
der Alternative 1. 


Alternative 3 


Under Alternative 3, no new Federal CBM wells would be completed, except for 
potential drainage situations. Water handling options would be the same as under 
Alternative |. Passive treatment would be employed primarily to remove iron, 
and under Alternative 3, would occur only in the Upper Tongue River and Clear 
Creek sub-watersheds. Projected CBM water production under Alternative 3 is 
shown in Table 2-34. 


Under Alternative 3, the maximum CBM water volume produced annually is ex- 
pected to increase from an estimated 109,429 acre-feet per year produced from 
existing CBM wells in 2001 to an estimated 212,919 acre-feet per year in 2005. 
The peak year of water production by sub-watershed varies, and these years were 
modeled in the surface water impact analysis to evaluate effects from discharges 


of CBM produced water. 


Effects from Each Alternative by Sub-Watershed 


Results of the impact analysis under each alternative are presented below by sub- 
watershed. A discussion of potential impacts to surface water quantity and qual- 
ity follows. The Tongue, Powder, and Little Powder River sub-watersheds are 
discussed in a subsequent section to address the combined effects of CBM devel- 
opment in both Wyoming and Montana. 


The projected impacts of CBM development on surface water quality in each 
sub-watershed were derived with the use of four graphs, which are described be- 
low. Only those graphs depicting potential impacts at the stateline stations under 
the preferred alternative (Tongue River at Decker, Montana, Middle Powder 
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River at Moorhead, MT, and Little Powder River at Weston, Wyoming) are in- 
cluded herein; graphs for all sub-watersheds are depicted in the SWQATR. The 
first graph plots ambient and projected EC for mean monthly and 7Q10 flows. 
The second graph plots ambient and projected SAR for mean monthly and 7Q10 
flows. Both these graphs include lines showing the MRPL and LRPL to facilitate 
evaluation of the impacts. The next two graphs plot ambient and projected water 
quality for both EC and SAR in relation to the Ayers-Westcott EC-SAR thresh- 
old that represents “no reduction in the rate of infiltration” as well as to the 
MRPL and LRPL. Water quality that meets the proposed EC and SAR limits as 
well as the Ayers-Westcott threshold should fall to the left of the proposed EC 
limit, below the proposed SAR limit and below and to the night of the diagonal 
line on the graphs. The first of these graphs plots ambient and projected EC and 
SAR for mean monthly and 7Q10 flows. The second plots the projected EC and 
SAR for incremental proportions of CBM discharge. The input parameters used 
in developing the graphs are summarized in Appendicies C and D of the 
SWQATR. 


When considering the potential impacts to surface water resources discussed be- 
low for each sub-watershed under the various alternatives, the reader should be 
aware that the mass balance model used in this analysis is a tool for comparison 
of alternatives, and analysis of relative contributions of cumulative impacts. 
However, due to a lack of data regarding chemical transport relationships and 
conveyance loss it may not accurately predict likely impacts on resultant water 
quality (See Appendix E, SWQATR). Samples collected since the onset of CBM 
production in the Upper Belle Fourche River and Little Powder River sub- 
watersheds have not detected changes in ambient stream water quality which 
were predicted by the mass balance model, and actual impacts may be less then 
the mass balance model predicts. The magnitude of the model results can not be 
verified based upon actual measured water quality data. Adequate protection of 
existing uses and water quality standards can only be accomplished through di- 
rect monitoring of stream water quality to measure the effects of CBM discharge. 


It is also important to note that the Ayers-Westcot diagram incorporates a rela- 
tionship between SAR and EC, which recognizes that as salinity increases the 
potential impacts of SAR decrease. This relationship is not unbounded however, 
because of the potential impact of rainfall on sodic soils. Rainfall can cause SAR 
problems in surface soil because of the differential way in which EC and SAR 
respond to a rain event (significant lowering of the EC and little change in the 
SAR). This rain-on-sodic-soil problem is addressed in a number of the standards 
proposals (see Appendix H) through adoption of an absolute maximum SAR (i.e. 
the standard “caps” the Ayers-Westcot EC/SAR relationship). It is important to 
be mindful of an upper bound on the Ayers-Westcot relationship in reviewing the 
conclusions reached in the alternatives analyses in this document. This may help 
explain situations where the MRPL (or perhaps, the LRPL) shows a potential 
effect, where the Ayers-Westcot diagram indicates no reduction in infiltration. 


Upper Belle Fourche Sub-Watershed 


Results of the impact analysis in the Upper Belle Fourche River sub-watershed 
under each alternative are presented in Table 4—3. Potential impacts are discussed 
below. 
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Alternative 1 

Under Alternative |, the peak year of water production in the Upper Belle 
Fourche River sub-watershed would occur in 2006, when 7,630 wells would be 
producing at an average rate of 7.0 gnm per well. Under modeled conditions, the 
amount of produced water assumed to reach the main stem of the Upper Belle 
Fourche River sub-watershed during the peak year of CBM water production is 
about 49 cfs (35,479 acre-feet/year). Volumes of water production would be less 
in other than the peak year, and modeled impacts would correspond to this reduc- 
ion. 


Table 4-3 Surface Water Impact Analysis of the Upper Belle Fourche 
River Sub-W atershed 


Existing Stream Water Resulting Stream Water 
Duality at Dini Dualiay at Mini 


; MRPL LRPL Mean Flow Mean Flow 
Alhemative “lpn EC SAR EC Flow SAR EC Flow SAR EC 
! 10' 2000° 10 2500 $1 81 ©6105) 
2A 10 «§2.000° 1 2500 4 81 1,034 

; = 68 2,755 
2B 10° )«€©62000° «10 «2500 o4 81 «61,034 
10' 2.000° 10 2500 37 8) 1,081 


. WDEQ limit applied to waters that flow downstream into South Dakota. 


l 
2. South Debote's cxisting weter quality standeed. 


Mean monthly EC values in the Upper Belle Fourche River currently exceed the 
MRPL and LRPL during low-flow conditions. Mean monthly SAR values cur- 
rently are less than the MRPL and LRPL under similar flow conditions. After 
mixing, the resultant stream flow under low-flow conditions would consist al- 
most entirely of CBM produced water. The resultant EC would decrease, 
whereas the SAR would increase from existing conditions. The existing 7Q10 
flow is calculated as zero, such that the resultant water quality under these flow 
conditions would be represented by the quality of CBM produced water, if dis- 
charges were to occur during critical low-flow periods. 


Under modeled conditions, the resultant water quality in the Upper Belle Fourche 
River sub-watershed at Moorcroft, Wyoming, during all months of the year and 
during 7Q10 flow conditions would be adequate to meet the MRPL for both EC 
and SAR that the WDEQ has adopted in its NPDES permitting process to be pro- 
tective of downstream irmgation. A comparison of the resultant mixed water 
quality with the Ayers-Westcot diagram indicates that infiltration would be re- 
duced during some months of the irrigation season (April, and July through Oc- 
tober) as well as during 7Q10 flow conditions. During the low monthly flow, 
only a small fraction (10 percent) of the CBM discharge could occur without 
causing potential effects to infiltration. Irmgators currently tend to use water from 
the Belle Fourche River during high flow events. During low flow and 7Q10 
flow conditions, water from the Belle Fourche River is not likely to be diverted 
for irmgation purposes. During average flow conditions, essentially 100 percent 
of the CBM discharge could occur without causing potential effects to irmgation. 
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Based on modeled results, under certain flow conditions, impacts to the suitabil- 
ity for umgation of the Upper Belle Fourche River from CBM development may 
occur. However, as noted previously, samples collected since the onset of CBM 
production in the Upper Belle Fourche River sub-watershed have not detected 
changes in ambient stream water quality which were predicted by the mass bal- 
ance model, and actual impacts may be less then the mass balance model pre- 
dicts. The magnitude of the model results can not be verified based upon actual 
measured water quality data. Adequate protection of existing uses and water 
quality standards can only be accomplished through direct monitoring of stream 
water quality to measure the effects of CBM discharge. In addition, discharge 
permits issued by the WDEQ would be the mechanism that would identify the 
appropriate mix of water handling methods to be employed to meet the standards. 
Producers also may decide to limit development in the Upper Belle Fourche 
River sub-watershed to meet permit requirements rather that utilizing other water 
management practices (infiltration, treatment, LAD). As a result, even though the 
model predicts impacts, ultimately those predicted impacts to the irngation suit- 
ability of the Upper Belle Fourche River from CBM development in Wyoming 
under Alternative | may not occur. 


Alternative 2A 

Under Alternative 2A, the peak year of waier production and the water produced 
from CBM wells would be the same as under Alternative |. Managed water 
losses would be less than under Alternative |, primarily because of the increase 
in surface discharge and reduced use of infiltration and containment impound- 
ments for water handling. Under modeled conditions, the amount of produced 
water assumed to reach the main stem of the Upper Belle Fourche River sub- 
watershed during the peak year of CBM water production is about 61 cfs (44,168 
acre-feet/year). Under Alternative 2A, impacts to surface water quality in the 
Upper Belle Fourche River sub-watershed at Moorcroft, Wyoming, would be 
similar to the results obtained under Alternative |. 


Alternative 2B 

As shown in Tables 2-21 and 2-22, there is no difference between Alternatives 
2A and 2B that would affect the modeled output in the Upper Belle Fourche 
River sub-watershed. Thus, potential impacts described above for Alternative 2A 
would be the same under Alternative 2B. 


Alternative 3 

Under Alternative 3, the peak year of water production in the Upper Belle 
Fourche River sub-watershed would occur in 2005, when 6,160 wells would be 
producing at an average rate of 6.2 gpm per well. Managed water losses would be 
the same as under Alternative |. Under modeled conditions, the amount of pro- 
duced water assumed to reach the main stem of the Upper Belle Fourche River 
sub-watershed during the peak year of CBM water production is about 35 cfs 
(25,342 acre-feet/year). Impacts to surface water quality in the Upper Belle 
Fourche River sub-watershed would be similar to those described under Alterna- 
tive I. 
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Antelope Creek Sub-Watershed 


Results of the impact analysis in the Antelope Creek sub-watershed under each 
aiternative are presented in Table 4-4. Potential impacts are discussed below. 


Table44 § Surface Water Impact Analysis of the Antelope Creek Sub- 


Watershed 

Existing Stream Water Resulting Stream Water 

Quality at Mini Quality at Mini 
MRPL LRPL Mean Monthly Flow Mean Monthly Flow 
Akermmative “Sin EC SAR EC Flow SAR EC Flow SAR EC 
I 10° 2,000° 10 2500 12 70 924 
2A 10° 2.000° 16 250 330 70S (923 

: — 26 2354 

2B 1 «©2.000° WW 250 3 0 6700 93 
3 10° 2,000° © 2500 7 70 937 


Notes: 
1. WDEQ limit applied to waters that flow downstream into South Dakota. 


2. South Dahotn's cxisting wanes quality sanded, 


Alternative 1 

Under Alternative 1, the annual water production in the Antelope Creek sub- 
watershed would peak in 2004, when 925 wells would be producing at an aver- 
age rate of 11.9 gpm per well. Under modeled conditions, the amount of pro- 
duced water assumed to reach the main stem of the Antelope Creek sub- 
watershed during the peak year of CBM water production is about 12 cfs (8,689 
acre-feet/year). The volume of water production would be less in other than the 
peak year, and modeled impacts would correspond to this reduction. 


Mean monthly EC values in Antelope Creek currently exceed the MRPL, but are 
less than the LRPL during low-flow conditions. Mean monthly SAR values cur- 
rently are less than the MRPL and LRPL under similar flow conditions. After 
mixing, the resultant stream flow under low-flow conditions would consist al- 
most entirely of CBM produced water. The resultant EC would decrease, 
whereas the SAR would increase from existing conditions. The existing 7Q10 
flow could not be computed because of a lack of data; therefore, t'. resultant 
water quality under these flow conditions is assumed to be represented by the 
quality of CBM produced water, if discharges were to occur during critical low- 
flow periods. 


Under modeled conditions, the resultant water quality in the Antelope Creek sub- 
watershed near Teckla, Wyoming, during all months of the year and during 7Q10 
flow conditions would be adequate to meet the MRPL for both EC and SAR that 
WDEQ has adopted in its NPDES permitting process to be protective of down- 
Stream irngation. A comparison of the resultant mixed water quality with the 
Ayers-Westcot diagram indicates some effects to infiltration, primarily during the 
lowest flow months of September through February and during 7Q10 flow condi- 
uons. During the low monthly flow, only a small fraction (less than 10 percent) 
of the CBM discharge could occur without causing potential effects to infiltra- 
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tion. Irmgators currently tend to use water from the Antelope Creek during high 
flow events. During low flow and 7Q10 flow conditions, water from the Ante- 
lope Creek is not likely to be diverted for irrigation purposes. During average 
flow conditions, essentially 100 percent of the CBM discharge could occur with- 
Out Causing potential effects to ungation. 


Based on modeled results. under certain flow conditions, impacts to the suitabil- 
ity for irrigation of Antelope Creek from CBM development may occur. How- 
ever, as noted previously, samples collected since the onset of CBM production 
im the Upper Belle Fourche River and Little Powder River sub-watersheds have 
not detected changes in ambient stream water quality which were predicted by 
the mass balance model, and actual impacts may be less then the mass balance 
model predicts. The magnitude of the model results can not be verified based 
upon actual measured water quality data. Adequate protection of existing uses 
and water quality standards can only be accomplished through direct monitoring 
of stream water quality to measure the effects of CBM discharge. In addition, 
discharge permits issued by the WDEQ would be the mechanism that would 
identify the appropnate mix of water handling methods to be employed to meet 
the standards. Producers also may decide to limit development in the Upper Belle 
Fourche River sub-watershed to meet permit requirements rather than utilizing 
other water management practices (infiltration, treatment, LAD). As a result, 

even though the model predicts impacts, ultimately those predicted umpacts to the 
irrigation suitability of Antelope Creek from CBM development in Wyoming 
under Alternative | may not occur. 


Alternative 2A 

Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative |. Managed water 
losses would be less than under Alternative |, primarily because of the increase 
in surface discharge and reduced use of infiltration and containment impound- 
ments. Under modeled conditions, the amount of produced water assumed to 
reach the main stem of the Antelope Creek sub-watershed during the peak year of 
CBM water production is about 13 cfs (9,413 acre-feet/year). Under Alternative 
2A, impacts to surface waier quality in the Antelope Creek sub-watershed would 
be similar to the results votatned under Alternative |. 


Alternative 2B 

Under Alternative 2B, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative |. Managed water 
losses would be greater than under Alternative |, primarily caused by the imple- 
mentation of active treatment. Under modeled conditions, the amount of pro- 
duced water assumed to reach the main stem of the Antelope Creek sub- 
watershed during the peak year of CBM water production is about 12 cfs (8,689 
acre-feet/year). Impacts to surface water quality in the Antelope Creek sub- 
watershed would be similar to those descnved for Alternative |. Additional water 
would be available to support beneficial use because of the proportion of water 
that would undergo active treatment. 
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Alternative 3 

Under Alternative 3, the peak year of water production in the Antelope Creek 
sub-watershed would occur in 2005, when 561 wells would be producing ai an 
average rate of | 1.9 gpm per well. Managed waiter losses would be the same as 
under Alternanve |. Under modeled conditions, the amount of produced water 
assumed to reach the main stem of the Antelope Creek sub-watershed during the 
peak year of CBM water production is about 7 cfs (5,068 acre-feet year). Impacts 
to surface water quality in the Aniclope Creek sub-watershed would be similar to 
those descnbed under Alternative |. 


Upper Cheyenne River Sub-Watershed 
The surface water impact analysis of the Upper Cheyenne River sub-watershed 


incorporates the CBM produced water discharges from the Antelope Creek sub- 
watershed under each of the alternatives to predict water quality conditions at the 
USGS gauging stanon on the Cheyenne River at Riverview, Wyoming. 

Results of the impact analysis in the Upper Cheyenne River sub-watershed under 


each alternative are presented in Table 4-5. Potential impacts are discussed de- 
low. 


Table 4-S Surface Water Impact Analysis of the Upper Cheveane River 


Sub-W atershed 
Existing Stream Water Resulting Stream Water 

Quahty at Vbaumum Quality at VMinunum 

. MRPL LRPL Mean Flow Mean Flow 
Altemative “SAR EC SAR EC Flow SAR EC Flow SAR EC 
! we 2000 Ww 2s is 69 88) 
2A 1 «€©62000 «618 —l}SOe 19 62 8% 

: 04 a? 4127 

2B 1 «©2000 «6 Se i9 69 %87 
3 1 «©2000 «6 Ol} SO i2 69 896 


Notes: 
1. WDEQ humuit apphed to waters that flow downstream into South Dakota. 


2. Sout, Dabote > existnn want quality tandeod, 


Alternative 1 

Under Alternative |, the peak year of water productien in the Upper Cheyenne 
River sub-watershed would occur in 2003, when |,471 wells would be producing 
at an average rate of 11.2 gpm per well. Under modeled conditions, the amount 
of produced water assumed to reach the main stem of the Upper Cheyenne River 
sub-watershed during the peak year of CBM water production is about [8 cfs 
(13,033 acre-feet/year). The volume of water production would be less in other 
than the peak year, and modeled impacts would correspond to this reduction. 


Mean monthly EC values in the Upper Cheyenne River currently exceed the 
MRPL and LRPL dunng low-flow conditions. Mean monthly SAR values cur- 
rently are less than the MRPL and LRPL under similar flow conditions. After 
mixing, the resultant stream flow under low-flow conditions would consist al- 
most entirely of CBM produced water. Water quality in the stream would im- 
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prove with the addition of CBM produced water. The resultant EC and SAR 
would decrease from existing conditions. The existing 7Q10 flow could not be 
computed because of a lack of data; however, the 7Q10 flow calculated at the 
USGS station on the Cheyenne River at Edgemont, South Dakota, is zero. There- 
fore, it is assumed that the resultant water quality under these flow conditions at 
the Riverview, Wyoming station would be represented by the CBM produced 
water quality, if discharges were to occur during cnitical low-flow penods. 


Under modeled conditons, with the exception of dunng the highest flow months 
of September through December and during 7Q10 flow conditions, the resultant 
water quality in the Upper Cheyenne River sub-watershed near Riverview, 
Wyoming would be adequate to meet the MRPL for EC that the WDEQ has 
adopted in its NPDES permitting process to be protective of downstream irnga- 
tion. The resultant SAR would be adequate to meet the MRPL during all months. 
A comparison of the resultant mixed water quality with the Ayers-Westcot dia- 
during low flow in April and during 7Q10 flow conditions. During the low 
monthly flow, only a small fraction (10 percent) of the CBM discharge could 
occur without causing potential effects to infiltration. During average flow condi- 
tions when diversions for irngation are likely to occur, essentially 100 percent of 
the CBM discharge could occur without causing effects to irngation. 


Based on modeled results, under certain flow conditions, impacts to the suitadil- 
ity for irngation of the Upper Cheyenne River from CBM development may oc- 
cur. However, as noted previously, samples collected since the onset of CBM 
production in the Upper Belle Fourche River and Little Powder River sub- 
watersheds have not detected changes in ambient stream water quality which 
were predicted by the mass balance model, and actual impacts may be less then 
the mass balance model predicts. The magnitude of the model results can not be 
verified based upon actual measured water quality data. Adequate protection of 
existing uses and water quality standards can only be accomplished through di- 
rect monitoring of stream water quality to measure the effects of CBM discharge. 
In addition, discharge permits issued by the WDEQ would be the mechanism that 
would identify the appropnmate mix of water handling methods to be employed to 
meet the standards. Producers also may decide to lumit development in the Upper 
Cheyenne River sub-watershed to meet permit requirements rather than utilizing 
other water management practices (infiltration, treatment, LAD). As a result, 
even though the model predicts impacts, ultimately those predicted impacts to the 
irmgation suitability of the Upper Cheyenne River from CBM development in 
Wyoming under Alternative | may not occur. 


Alternative 2A 

Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative |. Managed water 
losses would be less than under Alternative |, primarily because of the increase 
in surface discharge and reduced use of infiltranon and containment impound- 
ments. Under modeled conditions, the amount of produced water assumed to 
reach the main stem of the Upper Cheyenne River sub-watershed during the peak 
year of CBM water production is about 19 cfs (13.757 acre-feet/year). Under Al- 
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ternative 2A, impacts to surface water quality would be simular to the results ob- 
tained under Alternative 1. 


Alternative 28 : 
Under Alternative 2B, the peak year of water production and the water produced 
from (BM wells would be the same as under Alternative |. Managed water 
losses would be greater than under Alternative 1, primarily because of the in- 
crease in surface discharge and reduced use of infiltration and containment um- 
poundments. Under modeled conditions, the amount of produced water assumed 
to reach the main stem of the Upper Cheyenne River sub-watershed during the 
peak year of CBM water production is about 18 cfS (13,033 acre-feet/year). Im- 
pace o saris weet Gy ee 

|. Additional water would be available to support beneficial use based on the 
proportion of water that would undergo active treatment. 


Alternative 3 

Under Alternative 3, the peak year of water production in the Upper Cheyenne 
River sub-watershed would occur in 2003, when 1,030 wells would be producing 
at an average rate of | 1.0 gpm per well. Managed water losses would be the same 
as under Alternative |. Under modeled conditions, the amount of produced water 
assumed to reach the main stem of the Upper Cheyenne River sub-watershed dur- 
ing the peak year of CBM water production is about 12 cfs (8,689 acre-feet year). 
A comparison of the resultant quality of mixed water with the Ayers-Westcot line 
indicates no effects to infiltration except dunng 7Q10 flow conditions. Under 
Alternative 3, the resultant EC would not be adequate to meet the LRPL during 
several months of the irrigation season as well as during 7Q10 flow conditions. 


Upper Powder River Sub-Watershed 


Results of the impact analysis in the Upper Powder River sub-watershed under 
each alternative are presented in Table 4-6. Potential effects are discussed below. 


Table 4-6 Surface Water Impact Analysis of the Upper Powder River 
Sub-W atershed 


Existing Stream Water Resultung Stream Water 
Quality at Minimum Quality at Minimum 
Altermative “SAR EC SAR EC Flow SAR EC Flow SAR EC 


I 20 1.000 0 3.200 21h 8=61S3 = 2,606 

2A 20 1,000 0 3.200 46 6 «6134 2812 
7S 78 3,400 

2B 20 1000 0 3,200 38 0 0=— SL O2837 

3 20 1.000 0 3,200 | in ek 


Alternative 1 

Under Alternative |, the peak year of water production in the Upper Powder 
River sub-watershed would occur in 2006, when 15,822 wells would be produc- 
ing at an average rate of 6.2 gpm per well. Under modeled conditions, the 
amount of produced water assumed to reach the main stem of the Upper Powder 
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River sub-watershed during the peak year of CBM water production is about 135 
cfs (97,749 acre-feet/year). The volume of water production would be less in 
other than the peak year, and modeled impacts would correspond to this reduc- 
tion. 


Mean monthly EC values in the Upper Powder River currently exceed the MRPL 
and LRPL under low-flow conditions. Mean monthly SAR values currently ex- 
ceed the MRPL, but are less than the LRPL under similar flow conditions. The 
resultant stream flow under low-flow conditions would nearly triple from natural 
stream flow. The resultant EC would decrease, whereas the SAR would increase 
from existing conditions. The existing 7Q10 flow is calculated as zero; therefore, 
it is assumed that the resultant water quality under these flow conditions would 
be represented by the quality of CBM produced water if discharges were to occur 
during critical low-flow periods. 


Under modeled conditions, the resultant water quality in the Upper Powder River 
sub-watershed at Arvada, Wyoming, would not be adequate to meet the MRPL 
for EC at any time. It would be adequate the LRFZ for E@ during all 
months, as well as during 7Q10 flow conditions, if it should be determined that 
the MRPL and LRPL criteria are protective of downstream irrigation. The resul- 
tant SAR would not be adequate to meet the MRPL at any time and would not be 
adequate to meet the LRPL during the irrigation months of July through October 
or during 7Q10 flow conditions. A comparison of the resultant quality of mixed 
water with the Ayers-Westcot diagram indicates no effects to infiltration during 
the irrigation months or during 7Q10 flow conditions. During the low monthly 
flow, essentially all of the CBM discharge vould occur without causing potential 
effects to infiltration. As stated previously, it is important to be mindful of an 
upper bound on the Ayers-Westcot relationship in reviewing the conclusions 
reached under this alternative. This may help explain the situation where the 
MRPL (or perhaps, the LRPL) shows a potential effect, where the Ayers-Westcot 
diagram indicates no reduction in infiltration. 


Based on modeled results, under certain flow conditions, impacts to irmgated ag- 
riculture in the Upper Powder River sub-watershed from CBM development in 
Wyoming under Alternative | may occur. Although the resultant impacts fall 
outside the boundaries of the LRPL during some months, BLM recognizes the 
uncertainty concerning the determination of water quality standards for EC and 
SAR. If a standard at the low end of the range of proposed values is selected, ad- 
ditional mitigation may be necessary for CBM discharges to this sub-watershed 
to occur. Potential mitigation measures that could be implemented in order to 
meet the ultimate regulatory standards for EC and SAR once those standards 
have been identified include CBM produced water storage during the irrigation 
months and surface discharge during the non-irrigation months. In addition, dis- 
charge permits issued by the WDEQ would be the mechanism that would identify 
the appropriate mix of water handling methods to be employed to meet the stan- 
dards. Producers also may decide to limit development in the Upper Powder 
River sub-watershed to meet permit requirements rather than utilizing other water 
management practices (infiltration, treatment, LAD). As a result, even though the 
model predicts impacts, ultimately those predicted impacts to the irngation suit- 
ability of the Upper Powder River from CBM development in Wyoming under 
Alternative | may not occur. 
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Alternative 2A 

Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative |. Managed water 
losses would be greater than under Alternative |, primarily because the increase 
in infiltration impoundments and reduced surface discharge. Under modeled con- 
ditions, the amount of produced water assumed to reach the main stem of the 
Upper Powder River sub-watershed during the peak year of CBM water produc- 
tion is about 68 cfs (49,237 acre-feet/year). The resultant flow and water quality 
would be similar to that described under Alternative |, but the magnitude of 
change from existing water quality would be less based on the reduced CBM dis- 
charges. Under Alternative 2A, impacts to surface water quality would be similar 
to those described under Alternative |. 


Alternative 2B 

Under Alternative 2B, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative |. Managed water 
losses would be greater than under Alternative |, primarily because of the '>- 
crease in infiltration impoundments and impiementation of active treatment. Un- 
der modeled conditions, the ainount of produced water assumed to reach the 
main stem of the Upper Powder River sub-watershed during the peak year of 
CBM water production is about 63 cfs (45,616 acre-feet/year). The resultant flow 
and water quality would be similar to that described under Alternative |. but the 
magnitude of change from existing water quality would be less based on the re- 
duced CBM discharges. Impacts to surface water quality would be similar to 
those described for Alternative |. Additional water would be available to support 
beneficial use because of the proportion of water that would undergo active 
treatment. 


Alternative 3 

Under Alternative 3, the peak year of water production in the Upper Powder 
River sub-watershed would occur in 2005, when 5,332 wells would be producing 
al an average rate of 6.2 gpm per well. Managed water losses would be the same 
as under Alternative |. Under modeled conditions, the amount of produced water 
assumed to reach the main stem of the Upper Powder River sub- watershed during 
the peak year of CBM water production ts about 45 cfs (32.583 acre-feet year). 
Impacts to surface water quality would be similar to those described under Alter- 
native |. 


Clear Creek Sub-Watershed 


Results of the umpact analysis in the Clear Creek sub-watershed under cach alter- 
native are presented m Tabie 4-7 Potential impacts are discussed below 


Alternative 1 

Under Alternative |. the peak year of water production in the Clear Creek sub- 
watershed would occur m 2006. when 2.257 wells would be producing at an av- 
erage rate of 6.2 gpm per well Under modeled conditions, the amount of pro- 
duced water assumed to reach the main stem of the Clear Creek sub-watershed 
during the peak year of CBM water production ts about 10 cfs (7.24! acre-feet 
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year). The volume of water production would be less in other than the peak year. 
and modeled impacts would correspond to this reduction. 


Table 4-7 Surface Water Impact Analysis of the Clear Creek Sub- 


Watershed 
Existing Stream Water Resulting Stream Water 
Quality at Minumum Quality at Minimum 
MRPL LRPL Mean Flow Mean Flow 
Alterustive SAR EC SAR EC Flow’ SAR EC Flow SAR EC 
I 20 (000 1 3.200 73 5.4 1.$22 
2A 20 1000 W 3.200 oo 3.1 1378 
62 1.5 1.276 
2B 20 1.000 0 3.200 65 28 #41359 
3 26 1000 WW 3200 70 45 1.469 


Mean monthly EC values in Clear Creek currently exceed the MRPL but are less 
than the LRPL during low-flow conditions. Mean monthly SAR values currently 
are less than the MRPL under similar flow conditions and are less than the LRPL 
during 7Q10 flow conditions. After mixing, the resultant stream flow under low - 
flow conditions would increase moderately from the natural level. The resultant 
EC and SAR would increase from existing conditions. 


Under modeled conditions, with the exception of dumng high flow in June. the 
resultant water quality in the C!ear Creek sub-watershed near Arvada. Wyoming. 
would not be adequate to mect the MRPL for both EC and SAR. It would, how- 
ever, be adequate to meet the LRPL for both constituents, if 1 should be deter- 
mined that the MRPL and LRPL criterna are protective of downstream irmgation. 
A comparnson of the resultant quality of mixed water with the Ayers-Westcot 
diagram indicates no effects to infiltrauon except dumng 7Q10 flow conditons 
During the low monthly flow. essentially all of the CBM discharge could occur 
without causing potential effects to infiltration. As stated previously. it ts mmpor- 
tant to be mindful of an upper bound on the Avers-Westcot relationship im re- 
viewing the conclusions reached under this alternative This may help explain the 
situation where the MRPL (or perhaps. the LRPL) shows a potennal effect. 
where the Ayers- Westcot diagram indicates no reduction in infiltration 


Based on the higher stream water quality and valuc as a source of irmgaton in the 
Clear Creek sub-watershed. current WDEQ policy would not allow amy new drs- 
charge permits that would result m amy decrease im basclinc water quality Be- 
cause of WDEQ’s policy, « ss expected that water quality mm Clear Creck would 
be preserved at near current icy cis 


Alternative 2A 

Under Alernative 2A. the peak year of water production and the water produced 
from CBM wells would be the same as under Alternetwe |. Managed water 
losses would be greater than under Alternative |. promarily because of the in- 
crease in infiltrabor impoundments and reduced surface discharge | nder mod- 
ected condybens. the amount of produced water assumed to reach the mam stem of 
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the Clear Creek sub-watershed during the peak year of CBM water production is 
about 4 cfs (2,896 acre-feet/year). Under Alternative 2A, the resultant SAR 


Under Alternative 2B, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative |. Managed water 
losses would be greater than under Alternative |, primarily because of the in- 
crease in infiltration impoundments and implementation of active treatment, 
along with less surface discharge Under modeled conditions, the amount of pro- 
duced water assumed to reach the main stem of the Clear Creek sub-watershed 
during the peak year of CBM water production is about 3 cfs (2,172 acre-feet 
year). Under Alternative 2B, the resultant SAR would be adequate to meet the 
MRPL during high flows in Apml through June but not during the remainder of 
the immgation season, when natural stream flow decreases. Remaining impacts to 
surface water quality would be simular to the results obtained under Alternative |. 
Additional water would be available to support beneficial use based on the pro- 
portion of w iter that would undergo active treatment. 


Alternative 3 

Under Alternative 3. the peak year of water production im the Clear Creek sub- 
watershed wot ld occur in 2006, when |,705 wells would be producing at an av- 
erage rate of 6.2 gpm per well. Managed water losses would be the same as under 
Alternative | Under modeled conditions, the amount of produced water assumed 
to reach the maim stem of the Clear Creek sub-watershed dumng the peak year of 
CBM water production ts about & cfs (5,793 acre-feet year). Impacts to surface 
water quality would be similar to those descnbed under Alternative | 


Crazy Woman Creek Sub-Watershed 


Results of the impact analysts mn the Crazy Woman Creek sub-watershed under 
each alternative are presented in Table 4-8 Potential impacts are discussed be- 
how 


Table + 8 Surface W ater impact Analysis “| “Ye Crazy Woman Creek 


Sub- Watershed 
Exrsteng Stream Water Resulting Stream W atc 
Quaatity at Viomumurr Quai at Mien 
VRP LRFL Micar Momthiy | how Mcan Mamnthhy Fhow 
‘maine 6"SAR USAR & Foe SAR & Flow SAR && 
Sim wo ™ ‘ sas 
DA 0 oe 0 ‘ee a< & 
‘ @ 
me : - ( ™~* , ‘+s 
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Alternative 1 

Under Alternative |, the peak year of water production in the Crazy Woman 
Creek sub-watershed would occur in 2006, when 1,853 wells would be producing 
at an average rate of 6.2 gpm per well. Under modeled conditions, the amount of 
produced water assumed to reach the main stem of the Crazy Woman Creek sub- 
watershed during the peak year of CBM water production is about 14 cfs (10,137 
acre-feet/year). The volume of water production would be less in other than the 
peak year, and modeled impacts would correspond to this reduction. 


Mean monthly EC values in Crazy Woman Creek currently exceed the MRPL. 
but are less than the LRPL under low-flow conditions. Mean monthly SAR -al- 
ues currently are about equal to the MRPL under similar flow conditions. After 
mixing, the resultant stream flow under low-flow conditions would nearly double 
from natural stream flow. The resultant EC would decrease, whereas the SAR 
would increase from existing condttions. The existing 7Q10 flow ts calculated as 
zero, therefore, it is assumed that the resultant water quality under these flow 
conditions would be represented by the quality of CBM produced water if dis- 
charges were to occur dup~g c.ttical low-flow penods. 


Under modeled conditions, the resultant water quality in the Crazy Woman Creek 
sub-watershed near Arvada, Wyoming, during al! months and during 7Q!0 flow 
conditions would not be adequate to meet the MRPL for EC. but would be ade- 
quate to meet the LRPL if should be determined that the MRPL and LRPL cr- 
tena are protective of downstream imgation. With the exception of dunng low 
flows in the imgation months of August and September and durng 7Q10 flow 
conditions, the resultant water quality in the Crazy Woman Creek sub-watershed 
near Arvada would be adequate to meet the LRPL for SAR. A companson of the 
resultant quality of mixed water with the Ayers-Westcot diagram indicates no 
effects to infiltration except during 7010 flow conditions. During the low 
monthly flow, essentially all of the CBM discharge could occur without causing 
potential effects to infiltration. As stated previously. it 1s important to be mindful 
of an upper bound on the Ayers-Westcot relanonship in reviewing the conclu- 
the MRPL (or perhaps, the LRPL) shows a potential cffect. where the Ayers- 
Westoot diagram indicates no reduction im infiltraton. 


Based on the higher «ater quality and valuc as a source of imgation im the sub- 
watershed. current WDEQ policy would not allow any new discharge permits in 
thes sub-watershed that would result mm amy decrease in baseline water quality 
Because of WDEQ’s policy. « ss expected that water quality m Crazy Woman 
Creek would be preserved at near current levels 


Alternative 2A 

Under Alternatrve 2A. the peak year of water producton and the water produced 
from CBM wells would be the same as under Alternatrwe | Managed water 
losses would be greater than under Alternative |. primaniy because of the ™- 
crease m infiltravon mmpoundments and reduced surface discharge (| micr mad- 
ced condrpans. the amount of praduced water assumed to reach the mam stem of 
the Crazy Woman Creek sub-watershed durmg the peak wear of CBM water pro- 
@uchon show 3 cfs (2.17) acre-feet wear) Under Alternatiwe 2A. the resultant 
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water quality in June would be less than the MRPL for SAR. Remaining impacts 
to surface water quality would be similar to the results obtained under Alternative 
l. 


Alternative 2B 

Under Alternative 2B, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative |. Managed water 
losses would be greater than under Alternative |. primarily because of the in- 
crease in infiltration impoundments and implementation of active treatment, 
along with reduced surface discharge. Under modeled conditions, the amount of 
produced water assumed to reach the main stem of the Crazy Woman Creek sub- 
watershed during the peak year of CBM water production is about 2 cfs (1,448 
acre-feet year). Impacts to surface water quality would be simular to those de- 
scribed for Alternative 2A. Additional water would be available to support bene- 
ficial use because of the proportion of water that would undergo acti\ ¢ treatment. 


Alternative 3 oe: 

Under Alternative 3, the peak year of water production in the Crazy Woman 
Creek sub-watershed would occur in 2005, when 606 wells would be producing 
at an average rate of 6.2 gpm per well. Managed water losses would be the same 
as under Alternative |. Under modeled conditions, the amount of produced water 
assumed to reach the main stem of the Crazy Woman Creek sub-watershed dur- 
ing the peak year of CBM water production is about § cfs (3,620 acre-feet year). 
Impacts to surface water quality would be similar to those described under 
Alternative 2A. 


Sait Creek Sub-Watershed 


Results of the impact analysis in the Salt Creek sub-watershed under cach alter- 
native are presented in Table 4-9. Potential impacts are discussed below 


Table 4 9 Surface Water Impact Analysis of the Salt Creek Sub- 


Watershed 
Exrsteng Streare Water = Resulteng Sircam W ater 
Quality at Minwmur, (Qualit. at Miaumum 
MRPL LRPL Mean Montaly flow Mean Monthly Flow — 
ome “San & SAR GC fies SAR 6c Flee SAR & 
; °°. tom 10 . 27 Mme SII 
2A 20 tom 10 | ?? MO $743 
27 ~s 4,7 
2B 20 i= 10 NS 2? S : 4 740 
; >») ia- 10 Lhe z? a 


Alternative | 

Under Alternative |. the peak year of water production m the Salt Crock sub- 
wererssed would cocur m 2006. when 5° wells would be producing af an average 
rac of 6 2 gpm per well Under madeied condipons. the amount of produced wa- 
ter asm med to reach the mam stern of the Salt Crock sub-watershed dunng the 
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peak year of CBM water production is about 0.2 cfs (145 acre-feet/year). The 
volume of water production would be less in other than the peak year, and mod- 
eled impacts would correspond to this reduction. 


The water quality in Salt Creek currently exceeds the MRPL and LRPL for both 
EC and SAR under low-flow conditions. The resultant stream flow under low 
monthly flow conditions would be similar to the natural stream flow. The resul- 
tant EC and SAR would decrease slightly from existing conditions. 


Under modeled conditions, the resultant water quality in the Salt Creek sub- 
watershed near Sussex, Wyoming, during all months and during 7Q10 flow con- 
ditions would not be adequate to meet the MRPL and LRPL for both EC and 
SAR if it should be determined that these criteria are protective of downstream 
irmigation. A comparison of the resultant quality of the mixed water with the 
Ayers-Westcot diagram indicates no effects to infiltranon under similar flow 
conditions. As stated previously, it is important to be mindful of an upper bound 
on the Ayers-Westcot relationship in reviewing the conclusions reached under 
this alternative. This may help explain the situation where the MRPL (or perhaps, 
the LRPL) shows a potential effect, where the Ayers-Westcot diagram indicates 
no reduction in infiltration. 


Alternative 2A 

Under Alternative 2A, there would be no surface discharge to the Salt Creek sub- 
watershed. Minimal amounts of subsurface flow from infiltration impoundments 
would resurface in stream channels but are not likely to reach the main stem of 
the Salt Creek sub-watershed. Under Alternative 2A, impacts to surface water 
quality would be similar to the results obtained under Alternative |. 


Alternative 2B 

Under Alternative 2B, there would be no untreated surtace discharge to the Salt 
Creek sub-watershed. Minimal amounts of subsurface flow from infiltration im- 
poundments would resurface in stream channels but are not likely to reach the 
main stem of the Salt Creek sub-watershed. Under Alternative 2B, impacts to 
surface water quality would be similar to the results obtained under Alternative | 
Additional water would be available to support beneficial use because of the pro- 
portion of water that would undergo active treatment. 


Alternative 3 

Under Alternative 3, the peak year of water production in the Salt Creek sub- 
watershed would occur in 2006, when 19 wells would be producing at an average 
rate of 6.2 gpm per well. Managed water losses would be the same as under Al- 
ternative |. Under modeled conditions, the amount of produced water assumed to 
reach the main stem of the Salt Creek sub-watershed during the peak year of 
CBM water production is about 0.! cfs (72 acre-feet/year). Impacts to surface 
water quality would be simiiar to those described under Alternative |. 


Wyoming/Montana Stateline Surface Water impact 
Analysis 


Thes section describes the effects from cach alternative by sub-watershed. 
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Upper Tongue River Sub-Watershed 

The surface water impact analysis of the Upper Tongue River sub-watershed in- 
corporates current and forecast future development of CBM resources in the 
Montana portion of the Upper Tongue River sub-watershed. This development is 
likely to contnbute CBM produced water flows upstream of the USGS gauging 
station on the Tongue River at the state line near Decker, Wyoming. 


This analysis assumed that Montana's Preferred Alternative E would be selected. 
Montana's Alternative E emphasizes the beneficial uses of produced water from 
CBM wells. Alternative E could include discharges that involve both treated and 
untreated produced water, so long as Montana Pollutant Discharge Elimination 
System (MPDES) permit requirements are met. This impact analysis includes 
existing discharges of CBM produced water im the Upper Tongue River sub- 
watershed from Montana's CX Ranch field. Montana’s cxisting permitted dis- 
charge incorporated in this modeling effort includes produced water from 120 
wells at a discharge rate of 50 percent of the permitted maximum discharge 
(Langhus 2002). 


Results of the impact analysis in the Upper Tongue River sub-watershed under 
each alternative are prescnted in Table 4—-10. Potential impacts are discussed be- 
low. 


Table 4-10 Surface Water Impact Analysis of the Upper Tongue River 


Sub-W atershed 
Existing Stream Water Resulting Stream Water 
Quality at Minimum Quality at Minimum 
MRPL LRPL Mean Monthly Flow Mean Monthly Flow 
Akemamve “SAR EC SAR EC Flow SAR EC Fle SAR EC 
i 0.5 S00 10 =62,500 sv 31 826 
2A 0.5 S00 10 §8=2,500 183 19 776 
178 08 731 
2B 0.5 SOO 10 862 S00 183 18 770 
3 0.5 SOO 10 §=62,500 ISS 29 Sl 


Alternative 1 

Under Alternative |, the peak year of water production in the Upper Tongue 
River sub-watershed would vecur in 2006, when 1,948 wells would be producing 
at an average rate of 6.2 gpm per well. Under modeled conditions, the amount of 
produced water assumed to reach the main stem of the Upper Tongue River sub- 
watershed during the peak year of CBM water production is about |! cfs (7.965 
acre-feet/year). The volume of water production would be less in other than the 
peak year, and modeled impacts would correspond to this reduction. 


The Tongue River ts an important source of irmgation water in and downstream 
of the Project Area. With the exception of the highest flow months of May and 
June, the water quality in the Tongue River currently exceeds the MRPL for EC 
and SAR. Thus, any additional discharge that would reach the main stem would 
hikely cause further degradation in terms of suitability for irmgation if the states 
and EPA conclude that the MRPL is protective of irrigation. The water quality in 
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the Tongue River currently is less than the LRPL for both EC and SAR. After 
slightly. The resultant EC and SAR would increase from existing conditions. 


Under modeled conditions, the resultant water quality in the Upper Tongue River 
sub-watershed would not meet the MRPL for both EC and SAR except during 
high flows in May and June. The resultant water quality would be adequate to 
meet the LRPL for both EC and SAR under mean monthly flow during all 
months of the year and during 7Q10 flow conditions. A comparnson of the resul- 
tant quality of mixed water with the Ayers-Westcot diagram indicates that some 
reduction in infiltration would be likely dumng some months of the irngation sea- 
son. However, essentially all of the CBM discharge could occur without causing 
potential effects to infiltration during the low monthly flow. 


Based on modeled results, under certain flow conditions impacts to the suitability 
for ungation of the Upper Tongue River sub-watershed from CBM development 
in Wyoming and Montana under Alternative | would be expected to occur at the 
Decker, Wyoming, station using the MRPL and LRPL criteria, if the states and 
EPA conclude that the proposed limits would be protective of irmgation. How- 
ever, surface discharge to the Upper Tongue River sub-watershed from Wyoming 
CBM development would be controlled by WDEQ’s interim “no new discharge” 
policy; thus, WDEQ would not authorize the percentage of untreated surface dis- 
charge to the Upper Tongue River sub-watershed under Alternative | unless the 
quality of the discharged water was at or near the existing level in the Tongue 
River. Potential impacts from Montana's existing CBM discharges from the CX 
Ranch field to the Upper Tongue River sub-watershed would be controlled by the 
MPDES permit. Therefore, impacts to water quality would be more likely to re- 
sult from CBM produced waters that resurface from infiltration impoundments or 
from migration of salts beneath LAD systems than from surface discharge. Im- 
pacts to water quality from CBM development in Wyoming to downstream uses 
on the Northern Cheyenne Reservation would be limited by the state's discharge 
policy. 


Alternative 2A 

Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alternative |. Managed water 
losses would be greater than under Alternative |, primarily because of the in- 
crease in infiltration impoundments and reduced surface discharge. Under mod- 
eled conditions, the amount of produced water assumed to reach the main stem of 
the Upper Tongue River sub-watershed during the peak year of CBM water pro- 
duction is about 5 cfs (3,620 acre-feet/year). Changes in low monthly flows 
would be similar to Alternative |. The resultant stream water quality under low- 
flow conditions would increase the EC and SAR from existing conditions, al- 
though less than under Alternative |. The volume of water production would be 
less in other than the peak year, and modeled impacts would correspond to this 
reduction. 


Figures 4-31 and 4-32 illustrate the months during which the year when the ex- 
isting water quality and resultant quality of mixed water under mean monthly 
flow and 7Q10 flow conditions would exceed the MRPL and LRPL considered 
for water quality tn the Upper Tongue River sub- watershed. 
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Under Alternative 2A, the resultant EC under mean monthly and 7Q10 flow con- 
ditions is greater than the }{RPL except during the highest flow months of May 
and June when CBM produced water discharges from both states are mixed. The 
resultant EC is less than the LRPL under similar flow conditions. 


Under Alternative 2A, the resultant SAR under mean monthly and 7Q10 flow 
conditions ts greater than the MRPL except during the highest flow months of 
May and June when discharges of CBM produced water from both states are 
mixed. The resultant SAR is less than the LRPL under similar flow conditions. 


Figure +33 illustrates the relanonship between EC and SAR in the Tongue River 
before and after mixing with discharges of CBM produced water under Wyo- 
ming’s Alternative 2A and Montana's Alternative E. Figure 4-34 compares ex- 
isting stream water and quality of mixed water in terms of suitability for imga- 
tion and especially for impacts on soils imgated. Below and to the nght of the 
imgation threshold line in Figure 4-33, water quality would be expected to cause 
“no reduction in the rate of infiltration” because sols would be dispersed by SAR 
(Ayers and Westcot 1985). To the left and above the line, water would be likely 
to cause “slight to moderate reduction in the rate of infiltration” (Ayers and 
Westcot 1985). Although dispersion and consequent reduction in the rate of infil- 
tration depend somewhat on clay content, the threshold line shown in Figure 4- 
33 is used as an indicator of sutability 


Under Alternative 2A, a companson of the resultant mixed water quality with the 
Ayers-Westcot diagram im Figure 4-33 indicates that there 1s not likely to be a 
reduction in infiltration under mean monthly or 7Q10 flow conditions. 


Figure 4-34 illustrates the relanenship between EC and SAR in the Upper 


Tongue River sub-watershed after the water has mixed with varying proportions 
of discharges from CBM produced water under vanous streamflow conditions. 


Under Alternative 2A, essentially all of the CBM discharge to the Upper Tongue 
River sub-watershed from both states could occur during the low monthly flow 
and dunng 7Q10 flow conditions without causing effects to infiltranon. As stated 
previously, it ts important to be mindful of an upper bound on the Ayers-Westcot 
relanonship in reviewing the conclusions reached under this alternanwe. This 
may help explain the situation where the MRPL (or perhaps, the LRPL) shows a 
potential effect, where the Ayers-Westcot diagram indicates no reduction in infii- 
trahon. 


Based on modeled results, umpacts to the suitability for umgation of the Tongue 


River from CBM development in Wyoming and Montana under Alternative 2A 
would not be expected to occur. 
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Tongue River at Stateline near Decker, WY (04306300) 
Wyoming Alternative 2A - 85.3% Managed Water Loss 
Montana Alternative E - 71.0% Managed Water Loss 
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Tongue River at Stateline near Decker, WY (06306300) 
Wyoming Alternative 2A - 85.3% Managed Water Loss 
Montana Alternative E - 71 0% Managed Water Loss 
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Figure 4-32 Stream SAR Before and After Mixing — Upper Tongue River Sub-W atershed 
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Tongue River at Stateline near Decker. WY (06306300) 
Wyoming Alternative 2A - 85 3% Managec Water Loss 
Montana Alternative E - 71.0% Managed Water Loss 
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Table 4-11 Surface Water Impact Analysis of the Middle Powder River 


Sub-W atershed 
Existing Stream Water Resulting Seam Water 
Duslity at Mini Quality at Mini 
MRPL LRPL Mean Monthly Flow Mean Monthly Flow 
Ahemative “Sin EC SAR EC Flow SAR EC Flow SAR EC 
l 20 1,000 10) =—s 33.200 312 13.8 2,270 
2A 20 1000 0 3.200 230 «6116 ) = 2.253 
145 46 2154 
2B 20 1000 0 3.200 223 #112 2,249 
3 20 1000 W 3,200 218 «#4113 2.270 


Alternative 1 

Under Alternative |, the peak year of water production in the Middle Powder 
River sub-watershed would occur in Year 2005, when 21,047 wells would be 
producing at an average rate of 6.2 gpm per well. The peak year of water produc- 
tion in the Salt Creek, Clear Creek, Crazy Woman Creek, and Upper Powder 
River sub-watersheds would occur in 2006, however, for the purpose of this 
analysis, the number of wells producing in those watersheds during 2006 was 
used for the cumuiative analysis in the Middle Powder River sub-watershed for 
2005 to predict the impacts during the “peak year.” Under modeled conditions, 
the amount of produced water assumed to reach the main stem of the Middle 
Powder River sub-waiershed during the peak year of CBM water production is 
about 167 cfs (120,20 acre-feet/year). The volume of water production would be 
less in other than the peak year, and modeled impacts would correspond to this 
reduction. 


Mean monthly EC and SAR values in the Middle Powder River currently exceed 
the MRPL for both constituents under low mean monthly and 7010 flow condi- 
tions. With the exception of the EC under 7Q10 flow conditiurs _«e water qual- 
ity currently is less than the LRPL for both EC and SAR under similar flow con- 
ditions. A ter mixing, natural stream flow would increase by approximately two- 
fold during low-flow conditions. The resultant EC and SAR would increase from 
existing conditions. 


Under modeled conditions, the resultant water quality in the Middle Powder 
River sub-watershed would not meet the MRPL for both EC and SAR during all 
months and during 7Q10 flow conditions. The resultant water quality would be 
adequate to meet the LRPL for EC during all months of the year. It would not, 
however, be adequate to meet the LRPL for SAR during the lowest flow months, 
which includes the irrigation season from August througl: October. A comparison 
of the resultant quality of mixed water with the Ayers-Westcot diagram indicates 
that there would be no reduction in infiltration except during 7Q10 flow condi- 
tions. During the low monthly flow, essentially all of the CBM discharge could 
occur without causing potential effects to infiltration. 


Based on modeled results, under certain flow conditions, impacts to the suitabil- 
ity for irrigation of the Middle Powder River from CBM development in Wyo- 
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ming and Montana would occur at the Moorhead, Montana, station using the 
MRPL and LRPL criteria, if the states and the EPA conclude that the proposed 
limits would be protective of immgation. 


Modeling indicates that the suitability of the Powder River for irmgation may be 
compromised by the surface discharge of CBM produced water during maximum 
development of CBM in both states. Enhanced monitoring of CBM discharges 
and an evaluation of downstream imgation practices would be necessary to de- 
termine if there would be a measurable decrease in crop production, however. 
State permitting procedures in Wyoming require C\)° operators to include an 
irrigation use protection plan with the NPDES permit application. This plan 
specifies necessary measures to prevent violating the narrative standards for the 
protection of irrigated agriculture in the Powder River drainage. Mitigation meas- 
ures would be implemented based on the site-specific analysis of existing 
irrigation practices. CBM operators could be required to increase the amount of 
storage of CBM water during the irrigation months to meet the needs of down- 
irrigation months. As the state develops a better understanding of the effects of 
CBM discharges through the enhanced monitoring required by the MOC, the 
permitting approach can be adjusted to allow more or less discharges to th Pow- 
der River drainage. Thus, water quality standards and agreements with bordering 
states can be met. 


Alternative 2A 

Under Alternative 2A, the peak year of water production and the water produced 
from CBM wells would be the same as under Alrtermative |. Managed water 
losses would be greater than under Alternative |, prvnarily because of the in- 
crease in infiltration impoundments and reduced surface discharge. Under mod- 
eled conditions, the amount of produced water assumed to reach the main stem of 
the Middle Powder River sub-watershed during the peak year of CBM water pro- 
duction from development in both states is about 86 cfs (62.270 acre-feet year). 
The volume of water production would be less in other than the peak year, and 
modeled impacts would correspond to this reduction. 


After mixing, natural stream flows would almost double under low-flow condi- 
tions. The resultant EC and SAR would increase from existing conditions, al- 
though the increases would be less than under Alternative |. 


Figures 4-35 and 4-36 are used to illustrate the months during the year that the 
existing water quality and resultant quality of mixed water under mean monthly 
flow and 7Q10 flow conditions would exceed the MRPL and LRPL considered 
for water quality in the Middle Powder River sub-watershed. 


Under Alternative 2A, when CBM produced water discharges from both states 
are mixed, the resultant EC under mean monthly and 7Q10 flow conditions is 
greater than the MRPL during all months of the year. The resultant EC 1s less 
than the LRPL under similar flow conditions. 


Under Alternative 2A, the resultant SAR under mean month|y and 7Q10 flow 
conditions is greater than the MRPL during all months of the year when dis- 
charges of CBM produc. 4 water from both states are mixed. The resultant SAR 
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would not be adequate to meet the LRPL during the lowest flow months, which 
vacludes the ungation months of August through Ottober, or during 7Q!0 flow 
siti 


Figure 4-37 wlustrates the sustabelity for umgation of the Powder River before 
and after 1 mixes with discharges of CBM produced water. 


Under Alternative 2A, a compamson of the resultant quality of mixed water with 
the Ayers-Westcot diagram im Figure 4-37 indicat that there 1s not likely to be 
a reduction in infiltanon except under 7Q10 flow conditions. 


Figure 4+ 38 illustrates the relationship between EC and SAR in the Middie Pow- 
der River sub-watershed after 1 mixes with varying proportens of discharges of 
CBM produced water under varnous streamflow conditions. 


Under Alternative 2A, essentially all of the CBM discharge to the Middle Pow- 
der River sub-watershed trom both states could occur without causing effects to 
infiltration, with the exception of 7Q10 flow conditions. As stated previously, it 
is important to be mindful of an upper bound on the Ayers-Westcot relationship 
in reviewing the conclusions reached under this alternative. Thes may help ex- 
plain the situation where the MRPL (or perhaps, the LRPL) shows a potential 
effect. where the Ayers-Westoot diagram indicates no reduction sn infiltvanon. 


Based on modeled results, under certain flow conditions, impacts to ungated ag- 
reculture in the Powder River sub-watershed from CBM development in Wyo- 
ming and Montana under Alternative 2A may occur. Although the resultant im- 
pacts fall outside the boundanes of the LRPL durnng some months. BLM recog- 
mizes the uncertainty concerning the determination of water quality standards for 
EC and SAR. If a standard at the low end of the range of proposed values ts se- 
lected, additional mitigation may be necessary for CBM discharges to this sub- 
watershed to occur. Potential mitigation measures that could be implemented in 
order to meet the ultumate regulatory staudards for EC and SAR once those stan- 
dards have been identified include CBM produced water storage during the im- 
gation months and surtace disc arge dumng the non-ungation months. In add- 
tion, discharge permits issued »y the WDEQ would be the mechanism that would 
identify the appropnate mix of water handling methods to be empioyed to meet 
the standards. Producers also may decide to lima development in the Middle 
Powder River sub-watershed to meet permit requirements rather than utilizing 
other water management practices (infilranon, treatment, LAD) As a result, 
even though the mode! predicts impacts. ultimately those predicted umpacts to the 
immgation suitability of the Powder River trom CBM development in Wyoming 
and Montana uader Alternative 2A may not occur 
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Mecidie Powder Power at Moormeac. MT (06324500) 
Wyormng Atlernatve 2A - 65 9% Managed Water Loss 
Montana Atternatve E . 0% Managed Water Loss 
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Figure 4-35 Stream EC Before and (After Mixing Middic Powder River Sub-\ aturshed 
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Figure 4-36 «= Stream SAR Before and After Mixing - Middle Powder River Sub-W atershed 
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Figure 4-37 irrigation Suitability Before and After Mixing _ Middle Powder River Sub- Watershed 
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Chapter 4 — Environmental Consequences _——~ : 


Little Powder River near Weston, WY (06324970) 
Wyoming Alternative 2A - 53.3% Managed Water Loss 


SAR 


0 500 1000 1500 2000 2500 3000 3500 
EC (uS/cm) 


Figure 4-41 _ Irrigation Suitability Before and After Mixing — Little Powder River Sub- Watershed 
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Wyomung Alternative 2A - 53.3% Managed Water Loss 


Lite Powder River near Weston. WY (06324970) 
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Figure 442 irrigation Suitability Before and After Mixing with \ arying Proportions of CBM Discharge — Little Powder River Sub- 
Watershed 
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Based on modeied rosuéts. under ccrtaim tlow Jondibems. impacts © he usta |- 
ity tor umgabon of the Lutic Powder River trom CBM development may occur 
However a noted prevsousiy samples Collected samce ie onset of CBM produc - 
nen in the Upper Beile Fourche Rower and | atie Powder Riwer sud-watersheds 
have not detected Chamges in amirent wircam water quailty whch were predicted 
Dv the mass ODajamce mudei. apd actusi ompacts may De jess (hen (fc Tass Delamec 
nwadel predicts. The magrvtude of the mode! results can aot De vernfied Desc. 
upor acmal measured water quaint) data Adequate protechor of cusiiig usc 
and wate: quality wandards can oniy De accompiisfed through Girec! munstomng 
of stream water quality to measure the cffectss of CBM discharge in addibon. 
discharge permits wssucc Ov the WDE would de the mechanism that would 
wennfy the appropmatc mx of water nandhng methods w bc cmpioved to mec! 
the standards. Producers aiso may decide :o |umit development in the Little Pow - 
der River su®-watersMed | Meet permit requirements rather than ublizing offer 
water Management practices (infiltranen, weatment, LAD). As a result. even 
though the mode! predic’s impacts. ulimate!y those predicted impacts to te im- 
ganon suitafility of the Little Powder River from CBM development in W vo- 
ming under Alternative 2A may 2of occur 


Alternauve 28 

Under Alternamve 2B. the peak vear of water produchon and thie water produced 
from CBM wells would be the sume as under Altemanve |. Managed water 
losses would be greater than under Alternamve |. pmmamiy Decause of the in- 
crease in infiitranon umpoundments and impiementanon of active (reatment.  n- 
der modeled condimems. the amount of produced water assumed © reach the 
main stem of the Littie Powder River sub-watershed dumng the peak year of 
CBM water production ts about | 2 cfs (3.089 acre-feet year). Impacts to surface 
water quahty in the Little Powder River sub-watershed would be less than are 
descnbded under Alternamve |. and simriar to those descmbed for Altemamve 24. 
Addinonal water would be available to support beneficial use because of the pro- 
pornon of water that would undergo active (reatment. 


Alternative 3 

Under Alternamve 3. the peak year of water produchon in the Littie Powder River 
sub-watershed would occur in 2005. when 2.093 weils would be producing af an 
average rate of 6.2 gpm per weil. Managed water losses would be the same as 
under Alternamve | Under modeled condimons, the amount of produ.cd water 
assumed to reach the man stem of the Littie Powder River sud-watershed dumng 
the peak year of CBM water production is about [5 cfs (10.86! acre-feet year). 
impacts to surface water quality in the Little Powder River sub-watershed would 
be sumular to those descmbed under Alternamve |. 


Cumulative Surface Water impact Analysis 

Results of the cumulamve impact analysis in the Powder River Basin under 
Wyomung’s Alternatrve 2A and Montana’s Alternamve E are presented m Tabie 
4-13. The analysis at the Tomgue River stanen near Ashland, Montana, mcorpe- 
rates all easnmg and future forecast CBM development nm the Tongue River wa- 
tershed from Wyommng and Montana. The analysis at the Powder River stamon at 
ment in the Little Powder and Powder River drainages in Wyomung and the por- 
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The water quaiity mn the Tongue Rower a Ash/anpd. Montana currently. cxcecds 
the MRPL for EC and SAR. Thus. any addmonal discharge that would reach the 
main stem would likely cause further Jegradanen wn icrms of suitadiiity for wm- 
ganen if the states and the EPA conclude thai Me WRPL is protechve of umge- 
nen uses. Dumng low-flow condimens. surface water flow in the Tongue Rover 
would ncrease moderateiy The resuitant water quality in “reams “ould increase 
saghtly in EC and SAR from cusang condimens. Both consntuents would De at 
concenmtranens jess than the LRPL A compamsen of the resultant quaiity of 
maxed water with the Avers-Westcot diagram indicates that here 5 not likely 10 
de a reduchen in infiltranoen dumng mean monthiy or “Q)0 tow condimons. 


The water quaiity im the Powder Rover at Locate. Wontana. currently exceeds the 
MRPL for EC and SAR. Thus, any addimonal discharge that would reach the 
main stem would likely cause further degradamon in terms of surtadility |! the 
states and EPA conciude that the MRPL 1s protectve of irmganen. Dumng low- 
flow condimens. flow of surface water m the Powder River would merease ap- 
proxumateiy twofoid. The resultant water quaiity in the stream would increase 
sightly in EC and. more s .onficantly. in SAR from ousnung condimens. With the 
excepnon of the SAR dumng mimmmum mean mor hiy flow. beth consntuents 
would be at concentramons less than the LRPL. A compamsen of the resultant 
quailty of mixed water with the Ayers-Westcot diagram indicates that there |s not 
ukely to be a reduction in infiltranon except dumng “Q!0 flow cuondimens. 


Modeling indicates that the suitability of the Tomgue River for imganon may be 
compromused by the surface discharge of CBM produced water dumng maximum 
CB™ development in both states. However. ousnng interstate agreements have 
deen developed to mmumize impacts unt! protective standards are put in piace 
and the assumilamve capacity is equitably divided among the states and mbes. 
Surface discharge to the Tongue River from CBM development in both states 
currently 1s controlled by the two state DEQs. These ageucies have agreed to an 
imtenm “ne aew discharge” policy that would not authomze untreated surface 
discharge of CBM waters to the Tongue River umiess the water quality was at or 
near the ousang levei in the Tongue River. 


A 


\ imuat-c cfiects © De sustedrity tor oogemer of Ge Poeder River sou Oc 

umumivcu Rrough Me meemm WOL hat me ew DEQ wc ugneu hs WOU 
2m 2 OUpEY © Smure sl Jougnaoed xcs Jownsiream 2 Momma souk oc | 
protected «mic (BM development o Doth ates conmmuod {> fc eo MS 

Scvcop 4 Detter understanding of the cffects of CBA Sucfarges Mrough ic = 

“EN Runtonng Cyued & ce WOR ev cap afus Mec permimng -—- 

groactes © allow more of lew Qischarges © De Powder Riwcr Grammage Thu. 

Rrougn De Mpcmeniahue of Mircam Montonmng a alapo.< NanagemMcn( 

eatct quail’ Mandards apd nteriaic agreements can Oc ct 


OF cowme wite-specifc condsboms and (he actual surface satcr Mandards adopin 
oD ihe MBER «iil © fe MoM important factors @ determing fie atual +a 
Management pracheess within ihe Montana pornon of the PRB. The WDEQ a - 
at allow Qechargss of (BM water © umpact sufface water condihoms in cxco 


of prevailing coguéatems and wandards. BM producers in (te W vomung purnon 
of itis watersMed «1! o« Reid co te ame Mandards if ie Montana Mandards ac 


approved Dy the FP 4 ct gwen CWA standing 


Effects fron: each Alternative Common to Ali Sub- 
Watersheds 


Alternanve ' 


Sust@ + Oramages 

Potemae( effects from discharges of CBM produced water w surface dramages 
within the Proyect Area inciude a/teramon in flow. erosion. Jeyradameon of the 
seam = cfanne!. and increased sedimentanen. Potenna/ effects would © most 
pronounced dummy penods of tistomcai low flow Surface dramages may de af- 
fected OV the discharge of CBM produced water where cfanneis are nui stadie. 
armoured, of large enough to accommodate the annerpated flows. L ocaiized flood- 
ing May Occur with increased frequency and magnitude where the capacity of the 
cfanne! or Dasin is insufficient to handle the uncreased flows. in contrast to natu- 
generated Dy discharges of (BM produced water occur vear-round with smail 
Nuctuahons. Site-specific Water Management Ptlams | Append:x |) submitted at 
the APD and POD level of analysis would be an integral part of minganen pian- 
ming to control and monitor the potenma/ effects from increased flows in surface 
drainages. 


Comvevancee losses caused Dv evapotranspiranon and infiltranon would minumize 
the volume of discharged CBM produced water that would reach the main stems 
ot surface dramages However. draws that previousiy were ephemeral could de- 
come perenmai downstream trom ciustered outfai!s that discharge large volumes 
ot CBM produced water Modeled cundimons assumed a single conveyance. loss. 
| whereas actual conveyance loss would vary. Higher conveyance losses would 
| correspond (© unsaturated stream channei condinons. Locanng surtace discharge 
) ourfalls higher up in ephemerai or interrmétent dramages would encourage -un- 
| veyance loss, as these dramages would essenmaily be under unsaturated condi- 

noms. Conveyance losses would be mnimai when CBM produced water is dis- 

charged into perenmal waterways. Conveyance losses would likely be sigmfi- 
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Wyomung s 2002 Clean Waser Act Nu) st emenfics water Qowes woth ic 
Progect Arca at Go out wuppurt aii of Me dowgnared wos WDEQ lUUlD) Por- 
utes Of CORCE caeIRy CLDORg Mpamens © sealer quailty in fe _ pper 
Tomgue Riwer. Upper Powder River. and Upper Geile Fourche River wd- 
eateries oiiude icmpcragure. <iemum. -fiondc. ap ‘oo: -ontorm ( BM 
Jcfarges Mow oul agygravaic ce Mmpaired waterdudics (ur (cox Doiluians of 
cvecem vn the listed waterfedies. || ese puilutants Jo Decome 4 cuncem Tom 
CBM @scharge. Mey would de wvntuiled Mrough Me NPDES permit. Surface 
drumages sould aso lke!) 2UnOW ron \auming Octow Uesignaticu ouitails. «Mere 
CBM produced water that s ‘ypicaily gh in wor would O% Jncfarged [run 
stuummg would be less cvdent @ the Upper Tongue Rower. Clear Creek. and 
Teatment of won in CBM discharges would appiy 


As surface G@scharge of CBM produced water continues, (te cceeks and draws in 
(Me upper Oasin would Oecome saturated and cupeff rates are iKety (Oo MuTeasx<. 
thus producing more water Jumny “worms. High scasvrai ‘lows Jumny ‘he :pmng 
would De expected to mse with the addimen of CBM produced water (hanneis 
may De more likely w overdank Jumny »nowmeit. tlouding neardy feids. | ocai- 
ized erosion and formaben of zuilies, water-damaged structures. inundated vege- 
tanee, witaen, of Oreacfiny of imgahon Mructures may resuil [Tom large. ‘aie. 
of profonged flouds. However. num crous umpoundments constructed © sore 
CB! produced water for Deneficiai use aiso would serve as effective structures 
tor feed cuntroi. provided faciiimes were sited and cunmsiructed in accordance 
with WDEQ. WSEO. and WOGCC requirements. increased surface ‘lows aiso 
could fill channeis and culverts with ice dummy he winter, causing localized 
flooding. Closed be ms or piayas (vid lakedDeds) may Decume inundated if CBM 
produced water |s uischaryged into them. 


Although dramages would nui De expected to flow under cumpietely vatural cun- 
dinons durng the fe of the project. the emfaneed CBM flows are oot expected 
w alter surface dramage patterns, excep as noted. Streams emfanced by large 
volumes of CBM produced water may Degin W estadiish meander patterns on 
longer waveiengths in respunse to increased flows. Stream drainages would read- 
just to therr @usaag natura: flows at the end of the project 5 |ife. 


processes that occur as stream drainages age through ume. Downcuttng vecurs 
within the upper reaches of 4a draimage system as the siream cfanne! dDecomes 
incised through erosion, unai the siope of the stream and its velvety are reduced 
and further erosion is |timted. Sediment is depusited within the lower. siower 
reaches of a stream. 


Surface draumages could be degraded trom erosion caused by increased surface 
flows, uniess rates of CBM discharge and ouctail locanums are carefully con- 
weiled. Increased flows could cause downcuting in Muvial environments, resuit- 
of surtace dramages. Ravines or guilies are likeiy w develop uniess outfails are 
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“ommeni Tampurtey Joeasdcam ‘rom outfits ict) sous %& apeeutcu a flu. 
-—— <IImp o wcam gaiers orem stfw wen Tats §f Tama 
Wterever <uiment > Jepesitod. ‘fe fame! capecety Mic!y sould Jourem< Jvc 
ame ("hp Jocroe<c may mere De lhctived ‘Rat ocaiized Sowing may A- 
<us A Qe Qamee Octecer <fumee! Japan sow ‘lowwpn muro, souKW 
& sedisted © De propussd roe! Ss mpiemented. wt souk’ & 
oMa<inaed 4 De cov of Me propect » ae Where Me quailty of Orodlacd «ater 
af anpvowner preferences alow cumMTuCuR Of MUCK eT UN 0 Mure wim 
wurtace ‘lows ‘or Oenefioai use. Deve STucTUFEs ety aw sow «Tre Bb offen - 
ave flow cvetrul measures Jumeg oie worm. ex mpounument soul 
Oc ocaied 2 funne! of deur-funne! and would Oe designed upd wie © AUF 
dance wih WSEO. W DEQ. and WOOCT requirements. 


Owertuns Jepusits produced Jumny ‘louds) can «etd quiment-ocn a adie 
souls, winch may cafamee De agncuitural wes of De affected ands. lemme 
avety. overfunk Jepusits may add aime oF fine-grained ~<uIments © 2 ‘lou- 
Otaun, Jecremsiny productvify and (owenny infitranve caicy ‘NrougN ‘Me saudioen 
of matenais with clevated SAR vaiues. The latter cowid Occur in wud- watersfeds 
(hat are affected Ov saline sons, wrls developed trom sfaies. of CBM produced 
water (hat cuntains ctevated SAR values. 


in sud-watersteds where LAD is used ao 4 methed of produced water manage- 
mem. surface waits left Deftind could reach surface Grammayges Jummy protwnyed 
storms. Winter operanen of LAD systems could Dwid up ice om the surfaces of 
sou dunng .ud-ireezing temperatures. Site-specific Water Management ?tans 
suDuuited at he APD and POD levei of analysis would De an integral part of the 
Mmutgaten pianmng (o cuntroi and monitor he potenmai effects ‘rom LAD 


Springs 

New spmngs may develop in areas where infiltranen of CBM produced waiter 's 
recharging ailuviai aquifers or Wasatch sands. Spmng flow may de intibdvied o- 
cally of compaction occurs dumng cunstructon of production. Natural discharge 
trom spmngs can de affected bv a reduction im hydraulic head within the source 
aquifer. [t is umbkely. however. that new springs would develop near property 
sited and constructed in accordance with WDEQ. WSEO. and WOGCT require- 
ments. 


Water Bodies 

Lange reservows located within or downsimeam of Me F .. Area (Lake De 
Smet in the Clear Creek subd-watershed, Keyhole Reservon io the Upper Beile 
Fourche River sub-watershed, and Angesture Reservoir in the Upper Cheyenne 
produced water. Loads of suspended sediment to these reservoirs are not likely to 
mmerease as a result of surface discharge of CBM produced waters. Conversely. 
large fusiung ‘lows trom infrequent storm events would comunue w be the mayor 
carmers of sediment load. As surface streams (transport suspended sediment 
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Jownsiream, few suit) © acyUITe anu Tanspur auulQurd: <ulment sould Je- 
tease. However. Mese ange (Ser ows souk <IVe > <culment [Taps ~ ‘Mal UIs 
Ranges of ceiewses Tom ese Sservows sould wt © compromised OV sus 
oxeved <uumem oa. Wore man wil of ‘Me «mailer Derrmifted wurtace «ater 
wmpuundments in Me Proyect Arca could aise “Ceerve surface ‘lows ‘fai conan 


CBM produced «ater 


in funne! UMpwunWMENs used (O Mamaye DroduceU “ater sould Ok Uesigned 2b 
ow~frough sructures and would De oroperty permited Ov WSEO. No ousunmy 
surface water mgt would Oc <xpected (© Oe affected OV (fs meted of water 
Mandhey Ott tanec! mpoundments acu © Tamaye Produced water would O& 
property permetted Ov WSEQ) Shailow groundwater systems and surface waters 
would out De expected Ww Oe affected Ov (Mis metfed of water Nandling, provided 
fehimes ae deugned and sted w@ acconlance with WDEQ. WSEO. and 
WOOCT requirements. 


CBM produced waters discharged (© off-cfanne! cuntunment impoundments 
would require an “PDES permit issued Ov WDEQ. winch would eiadiisd efflu- 
emt umitamons (hat would De protective of use OV Ivestuck and wiidlife Comcen- 
Tamers of saits and (ace metais. parncuiarty sciemmum, may Secuime cies ated in 
ihe water Contmined in ese impoundments a cvaperabun occurs. Water quailty 
could reach levels of comecerm for vameous Consotuents when inflow to the im- 
puundments ceases and NPDES permit momitomny requirements nv longer appiv. 
Seumments left Defind after the water evaporates may require special banding 
durmg reciamanen. The quaiity and quantity of CBM produced water (hat may 
reach surface impoundments sfuuid de carefuily mumitored and addressed in 
management pianming for cach area affected Ov CBM development. Potential 
effects on surface water impoundments sould De analy Zed oN 4 site-speerfic Du- 
ws, as needed, durng review of water management pians submitted at the APD 
or POD level of analysis. Impacts should be mitgated through appiicabon of 
special CondiOouns of approv ai. 


Infiltragen rates in impoundments used © manage produced water may deciine 
over ume. CBM produced waters high in sodium may disperse the clay soil part- 
cles aud decrease the permeadility of soil for impoundments constructed in 
clayey sous, thus decreasing the rate of infiltranen. impoundments constructed ir 
sandy sous would be less affected bv increased concentrations of sodium over 
ume, and infiitramon rates would likely be maintained over the |ife of the um- 
poundment. Perculanon rates and charactertsucs of the soi beneath infitranen 
impoundments should be carefully monitored and addressed in water manage- 
ment planning for cach area that would be affected by CBM development. Poten- 
vai effects on infiltranon impoundments should be analyzed on a site-specific 
basis, as needed, dummg review of water management pians submitted at the APD 
or POD level of analysis. Effects should be mingated through application of spe- 
cial conditions of approvai. 


Surface Water Use 

Produced water from CBM weils is most likely w be beneficially used for inmga- 
would be available for |imited use for dust suppression om access reads to wells 
under WOGCC guidelines. Water discharged to surface draimages would be 
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Curai and ivestock uperagems would thus votain addimeonai surface water (0 ‘man- 
age and use Discharge and storage of CBM produced water on upiand areas in 
the Project Area would Jtsperse livestock and wiidhfe and offer the Demefit of 
Detter use of forage and reduced overgraziny and crosion. 


Alternaave 2A 

Under Alternatve 24. -tfects to surface drammages, sprmgs, surface water Dudes. 
and surface water use would De sumiar to thuse uescmbed for Altemmative |. with 
the exceptions noted Deiow. 


Surtace drasmages would De less affected Dv aiteranon in flow. erosion, and sedi- 
menmabon than under Altematve | Decause of the Changes in management of 
produced water and decreased surface discharge of CBM produced water. Sur- 
face drainages would be less lnkely to exhibit iron staming Deiow designated out- 
tails as NPDES permit requirements for passive treatment of ior in CBM dis- 
charges would appiy to those sub-watersteds where discharge would vecur. Ef- 
fects [rom surtace water impoundments designed as infiltranon basins may de 
greater than under Alternative | because of the larger proportion of CBM pro- 
duced water managed in (hese impoundments. The sang guidance established by 
WDEQ. WSEO. and WOGCC for these impoundments would mnmmize the ef- 
fects. 


Effects trom LAD would increase from Alternative | because of the higher pro- 
perton of LAD used for handing CBM produced water. Potential effects trom 
LAD would occur in those sub-watersbeds where the sysiems were not umpie- 
mented under Alternative |. specifically in the Upper Tongue Rover, Upper Pow- 
der Rover, Sait Creek, Antelope Creek, Upper Cheyenne Rover, and Upper Beile 
Fourche Rover sub-watersbeds. The amount of water avaiable to support benefi- 
cial use for livestock and wiidhfe would increase from Alternative | because of 
the smailer percentage of direct surface discharge. The amount also would mse as 
4 result of the increase in water handling through infiitranon impoundments. 


Alternatve 2B 

Under Alternanve 2B. effects to surface dramages, springs, surface water bodies, 
and surface water use would be sumiar to those desembed for Alternative |. with 
the exceptions beiow. 


Surface drainages would be less affected by aiteranon in flow. erosion, and sedi- 
mentanon than under Altemanve | because of the changes in management of 
produced water and decreased surface discharge of CBM produced water. Sur- 
face drainages would be less likely to exhibit iron staiming below designated out- 
tails as NPDES permit requirements for passive treatment of iron in CBM dis- 
charges would apply two those sub-watersheds. With the exception of the  pper 
Beile Fourche. addinonai water would be available ia ail sub-waiersheds where 
CBM development is proposed to support beneficial uses through impiementa- 
non of some level of active treatment. Treated water would be stored in infiltra~ 
non ponds and would be avaiable to blend with saddinonal CBM discharges be- 
fore surface discharge. CBM produced water that has been treated before it is 
discharged to surface impoundments would have less effect on the soils beneath 
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the impoundment. depending vn the levei of treaiment. Thus, rates of infiitranen 
would de less dkefy to Jeciime over ome if the umpoundments are situated on 
clayey suis. 


Etfects trom compiete cuniz omen impeundmenis would be less than under Al- 
termanve | The number of large untzinment impoundments would decrease. and 
the number of smnailer infiitranon ponds constructed to facslitaie stock watenng 
and viher Demeficial uses would increase, Decause of (he Migher percentage of 
poundments would be less likely to require special reclamation, provided some of 
the water discharged to (he impoundments has undergene treatment. The treat- 
ment ef CBM produced waters could result in the generation of residues that 
would contain cuncenirated saits extracted from the CBM water. These residues 
would need to De analyzed on 4 case-by-case basis Gury water management 
planning and propused [reaiment impiementaiion to deterrmne thei characterts- 


Alternative 3 

Under Alternanve 3, effects to surface drainages, springs, surface water bodies, 
and surface water use would be sumilar to those desembed for Alternative |. how- 
ever, the magmitude of effects would be less because of the decreased volume of 
CBM produced waiter that would be discharged to surface drainages and surface 
water impoundments throughout the Project Area. 


Cumulative Effects Common to Ail Sub-Watersheds 
Alternative ' 


Surface Orainages 

Both mimng and CBM development result in water cuilection and discharge to 
surface drainages. Groundwaier encountered during mining is stored in sedimen- 
~ynon ponds. Much of ths water is used for dust suppression during miming and 
\s not discharged to surface drainages, except during certain storms. Discharges 
trom the sedimentaen ponds could contain higher concentrations of dissolved 
solids and be of lower quality because of sediment mvung durng precrpitanen 
and conceniration through evaporation. In contrast, CBM water produced from 
weils is essentially tree of sediment. although discharge to surface drainages can 
increase sediment loading caused by increased stream erosion. 


Active coal mines are located within three sub-watersheds in the Project Area: 
the Upper Beile Fourche Rover, the Little Powder Rover, and the Upper Cheyenne 
Rover sub-watersheds. TDS values of mine discharges from sedimentation ponds 
to these drainages wouid not likely cause any discermbie effects to existing water 
cally intermittent and the water quality is likely sumilar in compesition to the 
natural water quality in streams. Discharges ffem surface coal mines are also 
subject to the requirements. of WDEQ’s NPDES program. 


Culverts that carry water from upstream reaches of sub-watersheds that are un- 
dergoing CBM development may have to be re-sized. Diversion channels for 
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natural tlows also may have to be re-sized to handle additional flows. Mining 
operauions that partially teat water in sedimentation reservoirs may have to treat 
additonal water. In these situavons, the water quality at the mine NPDES. oui- 
falls may be affected by CBM discharge that commingies. with water from the 
surface mines. Potential effects on mine operations should be analyzed om a site~ 
specific basis, as needed, dunng review of CBM PODs. or water management 
plans. Impacts should be mitigaied through application of special conditions. of 


By the end of the proyect’s life, some surface drainages wathin the Project Area 
may be slightly deeper tham they are today as a result of eresion. Careful siting 
and design of surface discharge outfails would prevent or mitigate this. impact, 
Downvailey, a careful observer may notice a few more bar or beach deposits. 


South Dakota's 2002 303(d) list idenufies. water bodies downstream of the Pro- 
ject Area that do not support all of the designaied uses (SDDNR 2002), Exisang. 
impairments to water quality caused by sedimentation and salinity in the Chey- 
enne and Belle Fourche Rivers. could be aggravated by discharges. of CBM pro- 
duced water to surface drainages in those sub-waiersheds. Increased sedimenia- 
tion may occur im the Upper Cheyenne River sub-watershed through expansion in 
the PRB of the DM&E Railroad Corporation. Sediment loading to downstream 
segments. in South Dakota currently listed as impaired by sedimentation could 
increase. BMPs implemented as required by NPDES permits during railroad con- 
Momitormg existing conditions at the staie line between Wyoming and South Da- 
kota would allow WDEQ to continually revise its permitting strategy for CBM 
discharges in the affected drainage. Moniionng also would facilitate development 
of TMDL wasteioad allocations. that are protective of existing and future uses in 
boih states. 


Segments of the Tongue, Powder, and Little Powder Rivers in Montana down- 
stream of the Wyoming burder appear in Montana’s 2000 303(d) list for water 
quality impairments. caused by siltanen and alteration in flow (MDEQ 2002), 
Discharges of CBM produced waier to these drainages could aggravate the exist 
ing umpairments. TMDLs are scheduled for development in 2002 and would be 
used to protect the water quality in those streams and guide future CBM devel- 
opment in both states. 


Springs 

Spring “ows may have changed from present conditions. Potential effects. om ex- 
isting springs should be analyzed on a site-specific basis, as needed, during re- 
view ef water management plans submitted at tve APD or POD level of analysis. 
Impacts. should be mitigaied through application of special conditions ef ap- 


Water Bodies 

Reservoirs downstream: of the Project Area likely would receive more water and 
could take in additional sediment as a consequence of CBM development. The 
large capacity of these reservoirs would likely minimize any increases in concen- 
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trations of suspended sediment that may occur as a result of CBM development 
im upstream drainages. Additional water would better support adjudicated water 
downstream. 


Water Use 

Agricultural and livestock operations would obtain additional surface water to 
manage and use during the liie of the project. Stock watering and imgation likely 
would increase within the area of cumulative effects. 


Alternative 2A 

The cumulative effects on surface draimages, springs, surface waiter bodies, and 
surface water use would be similar to those described under Alternative |, with 
the exceptions noted below. 


Sediment loading to downstream reservoirs would be less than under Alternative 
1 because of the decreased percentage of surface discharge of CBM produced 
water. Infiltration impoundments constructed in -channel would further minimize 
sediment transport downstream to the larger reservoirs. Sedimentation may in- 
crease in surface waters adjacent to infiltration impoundments, as the impound- 
ments are reclaimed at the end of the project’s life. BMPs for erosion and sedi- 
ment controls would mitigate increases in sedimentation in surface drainages dur- 
ing reclamation of the impoundments. 


Alternative 2B 

The cumulative effects on surface drainages, springs, surface water bodies, and 
surface water use would be similar to those described under Alternative |, with 
the exceptions noted below. 


The number of surface impoundments that would remain at the end of the pro- 
ject’s life would be greater than under Alternative | because additional im- 
poundments would have been constructed io contain water that had been actively 
treated for beneficial use. Many of these impoundments may not be reclaimed, 
depending on the desires of the surface owners, so that increases in sedimentation 
in surface drainages during reclamation would be minimized. The water available 
for treatment and beneficial use would decline toward the end of the project life, 
as the rate of discharge from wells decreases over time. Ranchers and surface 
owners that depended on the additional water supply to support beneficial use 
may need to consider alternative water supplies. 


Alternative 3 

The cumulative effects on surface drainages, springs, surface water bodies, and 
surface water use would be similar to those described under Alternative 1. How- 
ever, the magnitude of effects would be reduced because of the decreased volume 
of CBM water that would be discharged to surface drainages and surface water 


impoundments throughout the area of cumulative effects. 
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Physiography, Geology, Paleontology and 
Mineral Resources 


Paleontology 


Paleontological resources are fragile and. once disturbed. lose much of their pre- 
served information. Avoidance of significant sites is the preferred mitigation 
measure for adverse effects on paleontological resources. 


Within the Powder River Basin Project Area, the construction of oi! and gas- 
nificant fossils. The potential for impact to significant fossils is greatest mm areas 
where Class 3. 4. or 5 formations are present. Both surface and subsurface fossils 
could be damaged or destroyed during ground-disturbing activities. The greatest 
potential impact to surface and subsurface fossils comes from excavations of sur- 
face sediments and shallow bedrock. These types of excavations are commonly 
ing may affect fossils, but because this impact is not visible, verifiable, or pre- 
ventable, the impact to significant fossils posed by drilling is considered low. 


Across the Project Area, occurrences of surface fossils could be rejuvenated at 
previously collected fossil localities within as little time as | year. In addition, 
surface fossil concentrations could develop where no fossils were present before 
wherever fossiliferous rocks are exposed by erosion. 


During initial discussions with a CBM operator before an APD is submitted, the 
BLM, or FS where appropriate, will indicate whether proposed ground-disturbing 
activities may affect significant paleontological resources. Activites that may 
affect significant paleontological resources would require an assessment or sur- 
vey to evaluate whether significant resources occur in the area of the proposed 
action, and whether the action would affect these resources. 


In most cases, given the small size bias of Wasatch Formation fossils in the PRB. 
individual construction sites should be able to be cleared of ail significant fossils 
prior to construction. The discovery of significant paleontological resources dur- 
ing a pre-construction survey would require mitigation of possible impacts to 
these resources before ground-disturbing activities begin. It is unlikely that any 
fossils discovered during pre-construction surveys or monitoring phases would 
delay construction. 


In addition to adverse impacts during construction, significant fossils may be- 
come exposed during subsequent erosion of freshly excavated rocks at construc- 
tion sites. In Class 3 or 5 formations, post-construction paleontologic inspections 
may be recommended, depending on the results of the pre-construction survey. 


APD conditions of approval include mitigation measures where necessary, and 
would require protection and prompt reporting of paleontological resources dis- 
covered during post-construction activities. In that case, operations would be 
suspended unul an evaluation of the discovery and mitigation are completed. 


All facsliwes located on federal surface ownership lands would be considered 
leontological resources. Where oal or gas development excludes federal | cases or 
surface ownership lands. no federal permits are required to develop these lands. 
and protection measures for paleontological resources might not be mandated by 
the landowners or monitored as closely. 


Alternative 1 


Development of oi or gas resources on federal leases would be considered a fed- 
tological resources. However. only a portion of the facilites associated with fee 
and state wells developed under Alternative | are likely to be located on federal 
surface ownership lands and would be considered federal undertakings. 


palcontological resources to be affected. Only portions of the Project Area have 
been evaluated for the occurrence of paleontological resources. As a result, no 
accurate estimate cac be made of the number of paleontological sites that may be 
affected based on the | 56 localities that have been recorded. 


Area, that ts. use of two-track roads and natural terra without vegetation re- 
moval and dnii pads or pepelimes requiring mimimal cut-and-fili excavations. 
would lumut the effect of ground-disturbing activities on subsurface paleontolog!- 
cal resources. Although paleontological resources contaimed in near-surface hor- 
zons of soil and surficial deposits hkety already have been disturbed by natural 
processes or human activity. there could be additional disturbance to paleon- 
on these resources. Surface use and shallow excavations hkely would have little 
or no effect on undisturbed paleontological resources occurring below the sur- 
face. 


Where federal undertakings associated with oil or gas development are involved. 
potential effects on paleontological resources would be analyzed on a site- 
specific basis, as needed. during review of APDs, Sundry Notices, ROWs, or 
Special Use Permits, and effects elmmated or minimized through the application 
of special conditions of approval for operations. Where direct effects cannot be 
avoided, an approved data recovery plan would be developed to mitigate the ad- 
verse effects. 


The development of fee and state wells wouki not be considered federal under- 
takings, and would not be subject to federal guidelines and regulations protecting 
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Alternative 3 


Under Alternanve 3, additonal development of federal leases would not be au- 
the Wyodak Drainage CBM EA have been exhausted. Oil or gas development of 
fee and state leases under Alternative 3 would involve far fewer federai undertak- 
mgs subject to federal guidelines and regulations protecting paleontological re- 
sources than Alternatives | or 2. Consequently, the number of paleontological 
resources likely to be affected would be smaller. 


Only a portion of the facilites associated with fee and state wells developed un- 
der Alternative 3 are likely to be located on federal surface ownership lands and 
would be considered federal undertakings. Where oil or gas development m- 
volves federal surface ownership lands, effects on paleontological resources 
likely would be sumular to Alternatives | and 2. 


The development of fee and state wells under Alternative 3 would not be consid- 
ered a federal undertaking, and would not be subject to federal guidelines and 
regulanons protecting paleontological resources. Unprotected paleontological 


sicciun aeineaeie tab es Muaino Uieineh daeaped, or canal, ban 
much or all of thew preserved scientific formation. 


Mineral and Energy Resources 


Alternative 1 


Methane would be produced from feder!, state, and fee CBM wells drilled into 

ing coal seams im the Project Area. Based om am average production rate 
of 160,000 cubic feet of CBM per well per day following mitial dewatering, and 
an average of 400 mullion cubic feet of CBM available per well (De Bruin et al. 
2001), an estimated 16 tnthon cubic feet of methane would be produced over the 
life of the CBM wells included in Alternative |. Initial production rates durmg 
the first few years of production are expected to be higher and then steadily de- 
cline during the rest of the well’s economic life. 


CBM development in the PRB has been concentrated on fee and state leases for 
several years, causing draimage of CBM resources from federal leases. Draimage 
of CBM resources from federal lease areas would continue to occur under Alter- 
native |, as development of federal leases hkely would continue to lag behind the 
development of fee and state leases. CBM development on federal leases m some 
extensively draimed areas may no longer be economically feasible. In addition, 
development of CBM im Montana may result m drainage to Wyoming lands by 
wells just across the state boundary. The BLM is contimuing to analyze the ongo- 
BLM’s Reservoir Management Group would continue to work with BLM in 
Montana to address dramage of CBM across the state boundary. 


Oil and gas would be produced from non-CBM wells drilled into undertying geo- 
logic formations or structures in the Project Area. This analysis used the follow- 
ing assumptions made by the BLM (BLM 2001) to estimate the anticipated pro- 
duction of oil and gas from non-CBM wells. Based om a max of oil and gas dis- 
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covenes (30 percent of new fields discovered would contain oil 2nd 20 percent of 
new fields discovered would comtaim gas), the expected success ratio for the 
3,200 new exploratory wells drilled (15 percent), the anticipated number of pro- 
ductive wells (480), the average life of a productive weil (15 years), average pro- 
duction of 137,800 barrels of oil equivalent (BOE) over the life of each produc- 
uve well, and the anticipated average size of new fields (five wells), an esmmated 
66,144,000 BOE would be produced from the non-CBM wells included in Alter- 
native I. 


Past conflicts in the Project Area between CBM development and expanding sur- 
face coal mining operations indicate potential new ceaflicts may arse. BLM 
stipulanons mandating specific umung of activities. or precluding CBM develop- 
ment from some mine areas would be applied unless potential conflicts are re- 
solved through sponsored cooperation among affected interests that would result 
in mutual agreements for affected areas. 


Development of CBM occurring upstream of nearby surface coal mimes could 
affect coal miming. CBM produced water discharged upstream of mines could 
imerease surface flows near coal operations or decrease the rate of groundwater 

tennis Gen sin cenilh dialed . ) 
conditions could affect the design or permitting of coal mining operations. and the 


Sediment control structures located im the permit areas for coal mines. likely 
would be affected by imcreased surface flows anmcipated under Alternative |. 
These structures have been designed to accommodate historical flow rates that do 
not imclude contmbutions from CBM generated flows. Some design aspects of 
mining operations may need to be changed. Any required revisions to approved 
mune plans would affect the operators and agencies involved im reviewing pro- 
posed changes. Timeframes needed to change design aspects of miming opera- 
tens may affect the umeframes for mitiamon of CBM discharges. CBM gener- 
ated flows are not likely to be lower quality (that is, TDS is elevated over exist- 
ing flows). The effects om the availabilty of groundwater for mining operations 
and the effects of mcreased surface flows on mine facilities could be mitigated on 
@ site-specific basis through cooperative agreements among CBM developers and 
mine Operators, as potential effects are idennfied. 


Water production rates, conveyance losses, water chemustry, and water handling 
methods and thew effects have been estimated for sub-watersheds that contain 
surface coal mines. This additional discussion occurs im the section of this chap- 
ter om Surface Water. The relative locations of sub-watersheds. surface coal 

munes, existing and projected CBM wells, and existing water wells are shown on 
Figure 2—1 to assist im this discussion. 


miming may occur, the economic value of the coal resource would not be af- 
fected. Development of CBM wells would be precluded im areas of active or im- 
pending coal mining. In areas where coal miming occurred before CBM devel- 
opment began, valuable CBM resources and royalties would not be recovered 
from the maned area. 
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clude mumng dumng the life of CBM weils located im the area proposed. Coal in 
these areas could be mined after CBM extraction ts completed or terminated, or 
after an agreement is negonated between the CBM developers and the coal mune 
operators. The effects om mining schedules could be mitigated on a site-specific 
basis through cooperative agreements among CBM developers and mine opera- 
tors, as potennal effects are idennfied. 


Subsurface uranium deposits located m the southwestern pornon of the Project 
Area are associated with Wasatch Formation sandstones. Withdrawal of CBM 
and water from the straigraphically lower Fort Uniom Formation would not be 
were to result im incomplete isolation of the Wasatch and Fort Union aquifers. 
WOGCC requirements for well completion would eliminate the possibility that 
commungied from the Wasatch and Fort Union Formations would 
be withdrawn during CBM development. 


Development of CBM is not likely to affect the recovery of uranium resources 
from im situ (im place) subsurface leaching of sandstones. Howe ver, if infiltranon 
of sulfate-nch water to mining areas were to occur, uranium might precipitate 
Formation coal beds is exclusively sodium bicarbonate-type water (Rice et al. 
2002), infiltration of sulfate-nch water would not be likely to occur durmg CBM 
development under Alternanve |. 


Interactions. between development of CBM and subsurface uranium deposits. 
would be analyzed on a site-specific basis at the APD or POD level of analysis. 
as APDs and PODs for federal CBM wells are reviewed by BLM, and the FS as 
appropriate. Site-specific mingating measures relating to a specific CBM weil or 
group of CBM weils will be developed based on that analysis. 


Development of CBM under Alternative | would not be likely to affect recovery 
of other mineral resources n the Project Area. Oul amd gas have been produced 
Salable minerals, prumarily clinker, sand, and gravel, are produced from surface 
deposits. Bentonite, high-calcrum lumestone, and gypsum occurrmg m rocks. ex- 
posed along the uplifted margins of the study, are stramgraphically below the 
geologic formations that may be affected by CBM development in the PRB. No 
other locatable mineral deposits are known to exist im the Project Area. Devel- 
opment of exisnng mineral mghts in the Project Area would be based om existing 
claims, lease terms, and agreements; future conflicts would be addressed om a 
case-by-case basis. 


Alternative 2 
Effects. om mineral and energy resources wou ld be simular to under Alternative |. 


Alternative 3 


Effe. ts om mameral and energy resources would be sumilar to Alternative |; how- 
ever, the exclusion of federal wells and the overall reduced number of CBM 
wells. uncer Alternative 3 would result in some variations from the effects de- 
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: senbed under Alternanve |. The magnitude of the effects on mineral and energy 
resources, under Alternanve 3 likely would be reduced. Drainage of CBM re- 
sources likely would be greater under Alternamve 3. as more new drainage situa- 

nons would be created by the exciusion of federal weils trom projected actrvines. 


Geologic Hazards 


Potennal effects, such as creating new geologic Jazards, are not likely to occur. 
Some existing hazards, such as landslides, flooding, or gas migravon and seepage 
could worsen unless. adequate monitomng and mitigation are required. As part of 
the APD approval process for federal lease development, BLM, and FS when 
involved, require consideranon of geolegic hazards contained in all areas. where 
ground-disturbing activity is proposed. APD conditions of approval would re- 
quire mitigation of effects. 


All facilimes. located om federal surface ownership lands would be considered 
federal undertakings, subject to federal guidelines and reguiamons for environ- 
mental protechoa. Where oil or gas development exciudes federal leases. or sur- 
face ownership lands, no federal permits are required to develop these lands, and 
protection measures. for geologic hazards might not be mandated by the land- 
owners or monitored as closely. 


Alternative 1 


Earthquakes 

In portions of the Project Area where underground injection would be used as 
one of the methods of handling the water produced by CBM wells, no excessive 
busldup of rock pressure or fracturing of rocks that could cause an earthquake t» 
occur would be anticipated during injection activities. Therefore, no earthquakes. 
associated with underground injection would be expected to occur. Underground 
injection to dispose of produced water would be used im accordance with federal 
and state regulatory requirements. Injection wells would be authomzed only 
where the injection zone is sufficrentiy porous and permeabie that fluids could 
enter the rock formanon without causing an excessive buildup of pressure or 
fractumng of rocks. 


Flooding 

Anneipated CBM flows could increase the frequency or magnitude of flooding 
anticipated in the Proyect Area. Minimuzation of flood hazards within the Project 
Area would depend on the use of mitigating measures to ensure adequate control 
of anticipated surface flows and design of impoundments. Comprehensive water 
management planning, including development and umpiemeniation of BMPs for 
discharge outfalls and water development structures, would mingate te effects 
of anacipated CBM flows. However, lower than anneipated flood damage during 
an intense storm near Gillette in May 2000 demonstrated that management of 
existing CBM flows, including construction of many small reservoirs, reduced 
the severity of flooding im the Project Area im one case. 


PRB O & G FEIS. 4-130 


Chapter 4 — Emuronmemai Consequences 


Lands“des 

Surtace disturbance could worsen exisong and could create new landslide haz- 
ards in the Project Area. Mass movements likeiy would increase within the Pro- 
ject Area, damaging resources and property. uu.>> disturbance © ousong land- 
shdes and areas suscepubie to movement, such as steep slopes or unstable soils. 
is avoided or mingated dung of or gas development. Landslides could be ing- 
gered during oi or gas development. however, design of operabons to incerpo- 
rate BMPs and mingabon measures that minumize landslide msks would reduce 
the potential for landsiides to increase within the Project Area. 


Surface disturbance could cause or worsen the cuntnuing migrabon of wind- 
blown sand deposits along the southeastern and casiern margins of the PRB. 
migranon of windbiown deposits would comtmbute w soil loss, 1f exusamg souls. 
were biown away with sands. Increased sedimentation in surface draimages also 
would result trom the migration of sand deposits. 


Aquifer Compression anc Ground Subsidence 

Development of CBM is not likely to cause nouceabie ground subsidence or aqg- 
uifer compression im the Proyect Area. Where unconsolidated alluvial aquifers 
have collapsed in othe geographic areas. through dewatenng, significant ground 
subsidence has occurred. However, the Fort Union Formation is 3 consolidated 
rock unit and is not as suscepobie to aquifer compression or collapse as an un- 
consolidaed unt. In addinon, based on its esamated storage cuefficrent and rec- 
ognized depth from the surface to the coal zone aquifer where decline in ibe hy- 
draulic head could occur. the For’ Union Formation could not be dewatered 
enough to cause nomceable ground subsidence. 


Case et al. (2000) descmbe the formula used to calculate the amu .ot of aquafer 
compression that occurs when water 1s withdrawn from an aquifer. The change in 
aquifer thickness is equal to the storage coefficient umes. the change in bead. The 
storage coefficient is measured through a pump test and the change in head is 
observed (or monitored) over ume as declines. in water level. 


The storage coefficient used by Case et al. (2000) for PRB producing coals and 
underlying sands (1.0 x 10~), represents the best estimate available for the stor- 
age coefficient applicable to the Fort Uniom Formation. Since the Big George 
coal zone occurs between |,000 and 2.000 feet below the surface im the central 
portion of the PRB, a theoretical drawdown to the top of the Big George coal 
zone could be up to 2,000 feet im the central perton of the PRB. Applying the 
formula descnbed above allows consideranon of the largest aquifer compression 
theoretically pessiblie im the central pornon of the PRB. A decline im hydraulic 
head to the top of the Big George coal zone is not, however, projected in this 
analysis of the environmental effects under Alternative |. 


Aquifer compression in the central pornon of the PRB caused by withdrawal of 
fluid (CBM produced water) theeretically could be 2.4 inches, if the hydraulic 
head im the Fort Union Formation declined to the top of the Big George coal 
zone, although a deciine of this magnitude is not projected under Alternanve |. 
The compressibility of am aquifer decreases with increasing depth (Edgar and 
Case 2000). Therefore. CBM development of deeper coals, such as the Big 
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George zone. likely wouid resuit in less actual aquifer compression than is. calcu- 
lated above. in addimon, the entre aquifer compression likely would out be 
Wassmutted to the surface. so that no ground subsidence would be nouceabdie even 
under maaimum theoreti. ai drawdown. The effects of aquifer compression under 
Alternanve | would be even less, and would not be neuceabie. 


Gas Migration, Seepage, and Venung 

Limited informanon is availabie for use in characterizing methane modility and 
anticipated movements in the PRB over ume. As a resuit, methane seepage in the 
PRB has net been quantified in a modei proyecion. Gas migration and seepage 
are naturally occurring processes. where cual beds are extremely close to the sur- 
face and can be enhanced durmng coal mining and CBM development. Gas migra- 
nen and seepage would be most likely to occur near production areas. along the 
coal outcrop. Gas mrgration and seepage also could occur within or near CBM 
production areas, where substantial dewatering has occurred or is occurmng. 


Dewatering of the coal durmg development of CBM that lies beneath Gillette 
lowers the water table. winch in gum, may allow gas to seep. Production of gas. 
trem CBM weils may beip prevent or limit seepage. however (Flores et ai. 2001). 
Production of CBM removes methane trom the cual zone aquifer, making less 
methane avatiabie to migrate through underground faults, fractures, or sandstone 
layers or escape at the surface in seeps. 


Completion procedures for CBM weils are designed to direct methane toward the 
weil bore and would not induce methane to migrate away from the weil bore. 
toward exisung water weils. Production of CBM is stnetly controlled within cas- 
ing that is cemented and is not likely to cause amy release of methane into the 
groundwater. WOGCC and BLM requirements for we!l dmiling and control pro- 
cedures. ensure that each formation remains as isolated as under natural condi- 
bility for methane migration in CBM weils. 


however, many exisung non-~-CBM weil bores likely do not effectively isolate the 
formavions. penetrated and may serve as conduits. for the vertical migration of 
methane Many oider conventional oi and gas. weils likely are inadequately cased 
or plugged, allowirg methane, if present, to migrate. Migration of methane could 
be enhanced where these potential conduits are located near coal mining or CBM 
production areas. 


Methane could emerge from water weils near coal mining or CBM production 
areas, *ffecting stock and residential wells. Water weils frequently are screened 
the weil bore. The migration of methane could be enhanced where water weils 
are located near coal mining or CBM production areas. 


Numerous. boreholes dniled in the PRB to evaluate uranium potential were not 
properly plugged. Many boreholes of unknown orgin also occur. Uncased bore- 
holes and faulty weil casing or plugging could ailow methane, if present, to move 
through the formahions penetrated. Migranon of methane could be enhanced 
where these boreholes are located near coal mining or CBM production areas. 
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Other areas with potenual for migration or seepage inciude areas where faults, 
fractures, or sandstone layers occur in an omentation that provides a conduit for 
methane movement. The migranon of methane could be enhanced where sand- 
stone layers are in contact with the coal zone, or faults and fractures extend from 
the coai zone into surrounding rocks. 


Methane seepage occurrmg within the active burn area of a coal fire may en- 
hance the intensity of the combustion or proiong the burn. Alternanvely, methane 
seepage might actually make a fire less intense because the methane would be 
competing with the coal for oxygen in a combustion setting. 


Methane would be controlled through BLM-mandated APD conditions of ap- 
propriate to site-specific CBM development pians. 


Spontaneous Combustion of Coai 

Development of CBM is. not likely to increase the occurrence of coal fires in the 
Project Area, Most development of CBM in the Project Area, including most de- 
velopment proposed under Alternanve |, is occurrmg or would occur under con- 
fined conditions in the coal aquifer, which are not associated with spontaneous 
combusuion of coals. The partial removal of water dunng development of CBM 
depressunizes the coal seam and reduces hydraulic head, but is not likely to leave 
the coal seam in a condition where oxygem would replace waier and result in 
spontaneous. combusuion. Although the coals. in the PRB contain reactive maten- 
als required for combusuion and fluctuations in the water table may reiease the 
heat of wetung, the supply of oxygen is net sufficient to support combustion 
(Coates and Heffern 1999), 


The cval zone contains. less. water along the margins. of the PRB where surface 
has. caused or is causing changes in the water table. However, the likelihood that 
the burted coal seam being developed for CBM would have any increased expo- 
sure to Oxygen or any increased msk of spontaneous combustion is remote. Al- 
though clinker can be found as far as. several hundred feet back into the hillside 
from where it is apparent at the surface (Heffern and Coates 1997), the supply of 
oxygen would not be sufficient to support combustion at vertical depths of 
350 feet and more below the surface where CBM is being developed. 


The condivions established and maintained in CBM weils during drilling and af- 
ter weil completion to meet health and safety requirements and optimize gas. pro- 
duction create unfavorabie conditions. for spontaneous combustion of coal. Well 
bore conditions are controiled to ensure airflow out of the weil, to flush fines. 
from the weil, and to vent heat at the surface (Lyman and Volkmer 2001 ). 


Alternative 2 
Effects associated with geologic hazards likely would be similar to Alternative |. 


| Chapter 4— Emutomnemai Consequences: 

a: Alternative 3 

: 

4 Under Alternative 3, additional development of federal leases (other than federal 
: protective wells im drainage situanons) would not be authonzed once exisung 
authonzations. under the Wyodak CBM Project EJS and the Wyodak Drainage 
would be similar to these descmbed under Alternative |, although oii or gas. de- 
velopment of fee and state leases under Alternanve 3 would involve far fewer 
federal undertakings than Alternatives | or 2, and less federal conirel of CBM 
development activities in geologic hazard areas. 


Effects to soils would be prumartly associated with the construction of roads, weil 
- mee A ? — —s ear : we “a ~~ oat ‘ wee 
and electric lines. would net occur im the long term, because the trenches. would 
be reclaimed when burtal is complete. In addition, because most of each weil pad 
would not be needed for production, most of the disturbance associated with the 
construction of weil pads. would be short term. 


Effects to soils result from the clearing vegetation; excavating, stockpiling, com- 
pacting, and redistmbutng soils during construction and reclamation; and stormy 
or discharging produced CBM water. Loss of vegetation would expose soils and 
could resuit im a loss of organic matter in the soil. Excavation for facility pads. 
and roads. could cause slope steepening in cut and fill areas, mixing of soil layers, 
and breakdown of the soil structure. Removal and stockpiling of soils for recia- 
mation could result in mixing of soi profiles and a loss of soil structure. Com- 
paction of the soil could Uccrease pore space and cause a loss of soil structure as 
weil. Depending on the infiltranon rates, storage or discharge of produced water 
could alter the physical and chemical properties. of soils. Al these effects could 
alter the soil’s resistance to water and wind erosion and response to reclamation. 


Although the discussions in this sectiom are adequate for a general level of analy- 
sis, they are insufficient for use in locating specific well pads, access. roads, pipe- 
on, inane ‘ated facilities Si 6 bysi call ea 
during the APD and NPDES. permit process, would identify specific soil con- 
cems and appropriate mitigation measures. The Buffalo Field Office Coal Bed 
Methane Weil APD and Project Planning Guice (October 2000) provides. guide-~ 
lines. for this. analysis. As a condition of approval, BILLM has required companies 
to provide copies of water quality monitoring reports submitted to WDEQ. 


Alternative 1 
Overall, umpiementaton of this alternamve would disturb almost 202,400 acres of 
soils: (193,589 acres. for CBM facilities and $,800 acres. for non~CBM facilities), 
which is almost 2.6 percent of the Project Area, Almost | 75,400 acres of soils. 
would be affected in the short term to construct facilites to extract and transport 
CBM and non~CBM resources. Another 27,000 acres would be disturbed for the 
construciiom of facilities to handle produced water. Im contrast, about 
93,400 acres of soils, or |.2 percent of the Project Area, would be affected in the 
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long term for CBM and nve-CBM factiimes. These disauwrbances would occur on 
23 of the 59 soi senes that exist im the Proyect Area. Only soils that would be 
disturbed by the altemamves are discussed in this analysis. Together these soil 
series make up 75 percent of the Project Area. Tabie + |4 shows the distmbunon 
of disturbances resuinng from CBM and non-CBM facilites by sub-watershed 
and soil type. and Table 4-15 lists the disturbance for cach type of hazard. 


Wind eresion is a concem with soil senes WY124, WY 126, WY207_ WY¥209, 
and WY2!1 located in central and western Converse County and extending from 
south of Gillette to the Montana-W yoming state line in Campbeil County ( Figure 
+43). These sertes all have one or more mayor comsutvent that is 4 fine sand or 
sandy loam thai can easily be picked up and spread by wind (Appendix E). Ap- 
proumately 2! 482 acres of soils with high potenval for wind erosion would be 
disturbed in the short term and 3.298 acres would be disturbed in the io... term. 


Construcnon where vegetaen is removed and the soil is exposed and broken up 
present the greatest threat to soils with potential for wind erosion. These activi- 
nes include cut and fills associated with pad and roads, trenching for pipeline 
burial, and excavation for reservoirs. COAs would be followed to control wind 
erosion by limiting the removal of vegetabon, avoiding construction on sieep 
slopes and erosive areas, revegetation or covering any topsoil that was removed 
and stockpiled, surfacing roads and pads, and umely reclamation would minimize 
both short-term and long-term effects. 


Siope Hazards 


Although the Project Area contains a lange range of slopes (Figure 3-3), ail 
wells, roads and production facilines would be located on gentie to moderate 
slopes to minimize construction custs and erosion hazards. These locations would 
reduce the potential for water and wind erosion by reducing steep slopes and sur- 
face disturbance associated with large cuts and fills. 

The slope ranges and figures used for this analysis are general, and some wells 
may be located on more severe slopes than currently are shown on Figure 3-8. 
Specific facility locanons and roadways should be assessed for slope and any 
related erosion hazards and soil instabilines. Steep siopes should be avoided 
where possible, especially on soils that are suscepubie to erosion. On gentile to 
moderate slopes, soil loss caused by wind anu water erosion cuuld be effectrvely 
controlled by following the COAs. 


Water Erosion Hazards 


Water erosion is 4 concerm with soil senes WY049, WY0S0, WY0S1, WY06S, 
WY066, WY206, WY208 WY209. WY210 and WY2!! located im easiem 
Sheridan County, northern and western Campbell County. throughout Converse 
County and in Johnsen County along the Interstate 25 corndor w Buffalo, and 
along the Powder River (Figure +43). These seres all include one or more ma- 
jor constituents that have low permeability and hgh K-factors, making them sus- 
ceptible to water erosion (Appendix E). Approximately $7,530 acres in the short 
term and 21,392 acres in the long term would be disturbed on soils with a high 
potential for water erosion. 
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Table 4-14 Distmrbance of Soils by CBM and Nen-CBM Facilities by Sub-watershed and Soil 


Series. 
a a ee 
_ Disturbance: (acres) 
Sul hed Sail Seeies: Alternatives. |, 2A, 2B a. Altemative 3 
is Short term: Long term Short term Long term 
Antelope WwY¥ 12s % ? 6 S 
wY¥i29 10,632 3,761 4.224 1,490 
WY¥ 130 ZHI 7,462 7,550 2,004 
WY 206 509. 24 7? 27 
wY20? 325 149. 179 7S 
WY 208 1345 47? 105 38 
WY 209 2,580 923 L218 432 
WY¥210 Quy, 353 208 7% 
WwY2i! a9 | 355 257 90 
WY31S % 7 0 0 
Total 38,576 13,708 13,823 4.395 
Clear Creek WY048. 1,426 490 \,346 460 
WY049 6,041 2,194 3,306 213 
WY.060 3 2 3 2 
WY003 Vi q $ ? 
WY¥.06S 2,680 932 1,963 683 
W ¥.066 1,504 $10 Pe 442 
wyw 38 3 38 RS | 
WY¥.082 72 25 6S 23 
Total 11,825 4,195. 3,088 2,361 
Crazy Woman Creek W Y¥048. 627 26 420 142 
wY049 2,445 460 1,024 359 
wYose 928 Ne ” 25 
W000 6 $ 3 2 
WY.063 3 2 3 2 
WY.065. 2,413 833 $43 190 
WY.066 § 2 5 2 
WY082 4,95) 1,750 602 S84 
WY08? 3 2 0 0 
Total 11,379 3,981 3.729 1,306 
Dry Fork Cheyenne Wy203 3 5 3 > 
WY 204 2 19 % ? 
wY 205 3 2 0 0 
WY 206 14 i2 3 2 
wY207 14 12 6 $ 
WY 208 6 4 0 0 
w¥209 30 xy bd 12 
wY¥210 28 24 ul 9 
wY¥2i! bi 9 0 0 
Total 135 his 44 38 
Lightning Creek WY 204 & 21 i? 14 
WY 209 74 63 6 HN 
wY2i0 i9 16 i4 12 
W201 1? id z 2 
Total 138 his 99 sy 
Lutte Bighom w¥0s7 ia I> 4 12 
Total 14 12 14 12 
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Table 4-14 Disturbance of Soils by CBM and Noa-CBM Facilities by Sub-watershed and Soil 


Series. 
ya 
_ Disturbance: (acres) 
) Sail Sevies Alternatives |, 2A 2B Alterative 3 
Little Missourt WwY002 in g BS 2 
wos 14 Iz ES 2 
wYus3 234 200 8s 73: 
Toval 259. 27 oT — 
Little Powder "WYo0D ia 19 a > 
W042 9 5 0 SS 
W¥043: $ ? 0 0 
W044 9 5 3 2 
W¥045 47 40 19. 16 
W046 39 33 2 19. 
Ww¥04? 259 221 146 125 
WY¥.0S0 2,723 1,4? 792 433 
Ww¥0s3 1,469 1,255 Sod 482 
WY i24 1,012 483 406 196 
WY 125 3,637 3? 1,25: 450 
WY¥ 126 5321 1,919 3504 1,294 
W127 2,044 1,150 880 428. 
Total 16,594 7.970 7,601 3,454. 
Middle Fork Powder WY048 9 5 3 2 
WY0s9 2s 24 3 2 
WY08! 9 5 3 2 
WY.084 $ ? 9 5 
WY.085S 3 2 3 2 
WY.086 » $ 3 2 
WY.088 i4 12 3 2 
Total oo So 2 19 
Middle “cy .a Platte Casper WY 204 o 3 0 0 
W205 33 2% 1? 1 
wYy207 4 12 6 s 
W208 22 19 3 2 
W209 25 24 19 i 
W320 9 5 3 2 
Total 105 =) 47 40 
Middle Powder WY 046 30 68 25 a) 
W048 ? 4 0 0 
w¥o49 7% 333 62 23 
wY¥ose 1,560 587 196 $i 
WY 124 300 348 268 124 
Total 3,224 1,340 550 249. 
North Fork Powder WYUS9 3 2 0 0 
Total 3 2 0 0 
Sait Creek wYeso 08 238 us 2 
W082 438 145 231 ” 
WY08S o 5 0 0 
WY.086 33 28 hi 9 
WY208 6 $ 0 0 
WY¥2hi $ ? 0 0 
WYR1S 3 2 3 2 
WY¥317 8 ? 4 $ 
Total 1, 169 437 505 205 
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Table 4-14 Disturbance ef Seils by CBM and Nea-CBM Facilities by Sub-watershed and Soil 


Series 
Ee =e es 
Disturbance’ (acres) 
: Alternatives 1, 2A, 2B Alternative 3 
Sub- watershed Soal Senes ——— ran ——— zc 
South Fork Powder WwY0s4 N BP is 3 ? 
Total 8 ? 8 7 
Upper Belle Fourche WwY004 302 198 356 141 
WY0s3 19x 169 16S 141 
writs 6 $ 6 5 
WY126 7,387 2,977 $.S17 2,163 
WYt27 1.117 614 726 315 
WY 128 Set 203 368 138 
WwYi29 2: 1,091 1830 630 
WwYi30 11431 4.236 3,677 2.106 
Total 24.414 9,492 14.645 3,689 
Upper Cheyenne WY004 8 7 8 7 
wYytts i 9 0 0 
WY127 it 9 0 
wyt29 2.977 1,135 1350 $22 
WY 130 157 62 77 31 
WY206 233 16 0 0 
Total 3,183 1,239 1434 560 
Upper Powder River Wwy04s 2.579 942 13381 300 
wYyo49 2,934 1,049 1,057 376 
WwY0so 20,283 7,370 3,274 1.201 
wvyos! 616 216 306 107 
WY082 7,735 2,836 1,860 692 
wy i24 1,925 706 582 213 
wYyi2s 6.482 2,359 993 jot 
WY 126 731 260 307 179 
WwYi28 11,029 4,009 2430 vod 
WY 130 1, S88 579 Sil 295 
WY209 ll o 3 2 
WY3ts 3 2 0 0 
Total $5,938 20,338 13.204 4,334 
Upper Tongue River wyo49 3,196 1.144 2,507 885 
wy0dsl 182 66 162 539 
WwY0ss 1330 498 1309 48% 
WY0S6 6 5 © $ 
WwY057 6 $ 6 $ 
WY060 3 2 3 2 
WY063 3 e 3 2 
WwYy064 927 335 R38 303 
WY065 1,770 638 1,741 627 
WY066 33 13 28 li 
Total 7,455 2,708 6,600 2,388 
Total 174,481 66,036 70,594 26,693 


Note: 

1. Figures do not include the disturbances for water handling facilities or CMFs, which were not site-specifically located im the GIS database. 
These facilities would encompass 27,912 acres for Alternative |. 37,166 acres for Alternative 2A, 33,556 acres for Alternative 2B, and 
12,039 acres for Alternative 3. 
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Clear Creek 


Crazy Woman Creek 


Lightmng Creek 


Little Bughorn 
Little Missoun 


Litthe Powder 


Middle North Piatte 
Casper 


None None 
3,639 1026 
2.227 6134 
None None 
3,670 10.322 
4.129 11,660 
None Nooe 
2.015 5,786 
2.614 7391 
None None 
3,765 10,737 
1.915 5,435 
$2 61 
81 95 
2” 34 
None None 
93 109 
72 MS 
77 92 
93 110 
16 19 
None None 
93 110 
79 93 
No Hazards No Hazards 
None None 
12 14 
None None 
None None 
12 14 
None None 
2,402 6,333 
1,S17 2. 
483 L,O12 
None None 
3.984 8,404 
2,402 6,333 
None None 
None None 
None None 
None None 
None None 
5 6 
33 3” 
40 47 
19 22 
None None 
52 61 
52 I 
4-139 


9364 
None None None 
3,639 10.234 3,639 
2227 6.143 2227 
None None None 
3,670 10,322 3,670 
4,129 11,660 4,129 
None None Noae 
2,015 5.786 2.015 
2.614 7391 2,614 
None None None 
3,765 10.737 3,765 
1915 $485 1.Or5 
$2 6 $2 
si 95 sl 
2 MS 2 
None None None 
93 109 93 
72 MS 7? 
7? 9 7 
93 rho 93 
16 19 16 
None None None 
93 Lid 939 
79 93 79 


None None None 
12 14 42 
None None 
None None None 
12 14 12 
None None None 
2,402 6333 2,402 
1.S17 2.723 tSt7 
483 1,12 433 
None None None 
3,984 3.404 3.984 
2: 6333 2.402 
None None None 
None None None 
None None None 
None None None 
None None None 
5 6 5 
33 3” 33 
40 47 40 
19 22 19 
None None None 
52 6 $2 
$2 61 $2 
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Upper Belle Fourche Wind Eroszn 7387 2.977 7.387 2.977 7.587 2.977 
Water Erosion None Nome None None None None 
Compacnon 15,506 3,728 tS. 506, 5.728 15.306, 5.728 
Salimty SUR 203 0B 203 5O8 203 
Poor Revegetation bwt7 ol4 b.Li7 ols tLu7 614 
Prime Agncultural 19,570 74il 1576 741! 192370 7.Ait 
Upper Cheyenne Wiad Erosson None None None ~ None None None 
Waser Erosson None None None None None None 
Compachoo RIL 1204 3,142 1204 3,142 1204 
Salamity 19 6 19 Lo 19 16 
Poor Revegetamon M 25 a 25 MM 2s 
Prume Agncultural 165 69 b6S 69 los 69 
Upper Powder River Wind Erosion 2,667 975 2.667 975 2.667 975 
Water Erosion 23,344 Sod 23,834 Sod 23,344 S.Obd 
Compacnon 25,347 9395 25,347 9395 25,347 9,395 
Salumaty 3 2 3 2 3 2 
Poor Revegetanon 37 465 13,623 37 465 13,623 37 465 13,623 
Prume Agncultural 10334 3.761 10384 3761 10334 3,761 
Upper Tongue River Wind Erosion Nome None None Nome None None 
Water Erosion S176 1,359 S.17% 1,859 S176 1,859 
Compactor 4.305 1,345 4,305 1,345 4,305 LS4$ 
Poor Revegetanon 4,994 1,793 4.994 1,793 4.994, 1,798 
Prume Agricultural 7,433 2,682 7,433 2,692 7,433 2,692 
Note: 


L. Figures do not inchade the disturbances for water handling facilities or CMFs, which were not site-specifically located in the GIS database. 
These facilites would encompass 27.912 acres for Alternative |, 37.166 acres for Alternative 2A, 33,556 acres for Alternative 2B. and 
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Construction and operation could mecrease soil loss through water erosion. Re- 
moval of vegetation for any activity exposes soils to imcreased water erosion. Ex- 
cavation associated with construction of pads, roads and reservours could steepen 
Pipeline trenches could change erosion patterns if soils settle in the backfilled 
trench after reclamation and form gullies. Compaction of the soils im pads, roads, 
diing method that would release produced water to the surrounding area could 
mcrease water erosion. However, imcreased availability of water would also in- 


The Revised Universal Soil Loss Equation (RUSLE) was used to compute soul 
loss caused by raindrop splash and runoff (Renard et al. 1997). Estimates were 
calculated using three conditions: (1) undisturbed (existing rangeland condition); 
(2) construction (during construction and before reclamation); and (3) reclammed 
(? vear after reclamation, assuming 40 percent vegetative cover). The assumption 
of 40 percent vegetative cover | year after reclamation was based on information 
used for soil loss calculations on CBM projects in the region (BLM 1999a-d). To 
simplify calculations, all factors, except for K, were assumed to be consistent 
throughout the Project Area, even though soil loss would be variable. The highest 
and lowest K factors for the 23 disturbed soils were used to estimate the maxt- 
estimates of soil loss ranged from 0.1 to 0.6 tons/acve/year. During construction, 
estimates of soil loss ranged from 3.4 to 18.7 toms/acre/year. One year after rec- 
lamation, estimates of soil loss ranged from 0.5 to 2.6 tons/acre/year. These cal- 
culations were based on slopes 400 feet long with a gradient of 3 percent om un- 
disturbed ground. 


RUSLE calculations were used to estimate increases in loss of soils on disturbed 
land because of overland flow. Water erosion im dramages downstream from 
CBM activities caused by runoff from the release of produced water could in- 
crease but cannot be accurately predicted using RUSLE. A more detailed descrip- 
tion of erosive effects to draimages is contained im the discussion of surface 
draimages in the section on surface water. 


Soal loss would likely increase substantially m the short term after disturbance 
until reclamation measures became effective in controlling runoff. In addition, 
soul loss during construction would exceed acceptable levels for all of the soul 
senes disturbed in the Preject Area (NRCS 1971 through 1997). These potential 
effects point to a need for adoption of COAs during the life of the project. 


Soal loss can be reduced substantially by avoiding highly erosive areas such as 
badlands. steep-walled drainages, blowout areas. and other areas subject to active 
headward erosion (BLM 1999d). Locating roads and pads im areas where cuts 
and fills would not be required, surfacing of roads and pads, installing draimage 
also aid in reducing soil loss. Pipeline trenches should be mounded when back- 
filled to prevent soil settling and forming gullies. Sumilar COAs have resulted in 
little accelerated erosion and a high level of reclamation success on the Marquiss 
Project, located south of Gillette (BLM 1999a). 
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Sedimentation 

Sedimentation im streams and rivers im the Project Area is am important result of 
soul loss, but cannot be adequately estimated sumply by calculating soil loss. The 
movement of eroded so*? materials to drainages cam be blocked or facilitated by 
rehef, clumate, vegetation, and bedrock geology. As a result of these characteris- 
nes, there is a large difference between soil loss and sediment flow. Sedimenta- 
neon would be variable throughout the Project Area, but in draimage basins with 
areas of more than 100 square miles, generally only 10 percen: of soul loss would 
remain in the water flow at the point of exit from the sub-watersheds (Blatt et al. 
1972). The remaiming 90 percent would never reach flowing water or be depos- 
ited mm the streambeds of the watershed. Sedimentation im the affected sub- 
watersheds also depends on the velocity of surface water flow and the volume of 
water im the stream channels. Discharge of CBM water would imcrease the natu- 
ral flow rates and imcrease the volume of water im the stream channels, which 
would disperse eroded soul that has been deposited on streambeds, increasing the 
turbidity of the water and transporting sediment downstream. Predicted flow 
rates are discussed im the section on Surface Draimages of the Surface Water sec- 
ton by the maim draimage in each watershed (Tables 4-3 through 4-13). 


Government soil experts state that SAR values of only 13 or more cause poten- 
ually wreversible changes to soil structure, especially im clayey soil types, that 
reduce permeability for infiltramen of ramfall and surface water flows, restrict 
root growth, lumit permeability of gases and moisture, and make tillage difficult 
(Seelig 2000; U.S. Saliimity Laboratory Staff 1954). Approximately 50 percent of 
the predicted average sodium absorpnon ratios for the | 0 affected sub-watersheds 
exceed 13, with the highest values predicted for the Clear Creek (29) and the Up- 
per Tongue River (39) sub-watersheds (Tables 4-7 and 4-10). Reduced infiltra- 
ton rates and the formation of an impermeable soil surface in areas high clay soul 
content over large expanses of uplands areas would greatly increase the contmbu- 
non of surface runoff to already abnormal in-channe! stream flows, thus exacer- 
non on th. effects of am increased sod'um absorption ratio on souls, agncultural 
crops, wetland and mpariam vegetation, and native upland v ion. cam be 
found im the corresponding sections. 


Sedumentation deposition could alter water quality and the fluv'al characterisics 
of drainages im the Project Area and point to a need for COAs associated with 
water erosion to control sedimentation. Water im the drainages should be moni- 
tored for high levels of TDS as weil. The section on surface drainages also con- 
tains information on the effects of sedimentation on draimages. 


Compaction/Shrink-Sweill Potential 

Compaction and shrink «well potential is a concern with soil series WY004, 
WY049, WY0S!, WY064, WY082, WY124, WY123, WY129, WY130, 
WY208, and WY210, located throughout Campbell and Converse counties and 
eastern Sheridan and Johnson counties (Figure 4-43). These seres all include 
one of more major constituents that include very compactable clay loams (Ap- 
pendix E). Approximately 99,504 acres im the short term and 36,144 acres im the 
long term would be disturbed om compactibdle soil. Clay grains are extremely 
small and cam be forced so closely t. gether that few pore spaces remain. Thus. 
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most air and water is pushed out of the soil and plant roots would be unable to 
penetrate the soul. The composition of the clay souls plays am even more impor- 
tant role, however, in determining compaction and shrnk-swell potenta) than 
cam clay particle size. For example, the mudstones of the Wasatch and Fort Un- 
ion formahons contain montmorilonite (smectite or bentonite) and mixed-layer 
clays, which expand and contract depending on the introduction or deletion of 
oxygen and hydrogen (Devine 2002). Because of the absence of air and water 
and the difficulty of root growth, reclamanon of a ughtly compacted clay soul can 
be difficult. Compacted souls. also have low permeability, and runoff is high, add- 
ing to water erosion. 


Activity on well pads, production facihues and roads, and storage of water im 
reservoirs has the potenmal to compact souls. COAs would minimize both short- 
and long-term effects. Pad and road construction and twaffic om highly compac- 
table soils should be minimized wherever possible, and soils should be loosened 
for reseeding durmg reclamation. COAs to reduce water erosion should be em- 
ployed on compactible souls in light of the high potennal for runoff. 


Salinity 


Soil series WY0O04, WY1IS, WY316. WY317, and WY325 are listed by the 
NRCS’s Soil Surveys (NRCS 1971 through 1997) as high im salinity (Appendix 
E). Approximately 533 acres im the short term and 223 acres im the long term 
would be disturbed on this soil This statement is misleading, as the salinity and 
sodicity of souls, hike most chemical characterisues, are highly vamable and cam 
change drastically over a few feet. Any soul im the Project Area cam be saline or 
sodic. depending om site-specific soi! conditions, such as permeability, sodium 
content. clay content. the quality of nearby surface water, plamt species, and 
draimage characterises. Decisions on the locations of water disposal facilities 
that could affect soe salumaty and other chemical levels should be based on these 
parameters. 


Because of the vamabie nature of produced water and differmg characterisncs of 
sous im the Proyect Area, water handling options could have significant effects on 
souls. Five water handling opmons are included under Alternamve |: injection: 
contaimment reservoirs; and LAD. Injection would affect soils im the Project Area 
the least, and its effects would be similar to CBM weil construction and produc- 
nen. After jection, containment would introduce the least amount of produced 
water to the surrounding soils. These reservoirs could be lined with low- 
permeability geotextiles, synthetic or clay hmers, or compacted to prevent pro- 
duced water from inundating the soils below. Because of the large size of the res- 
ervoirs, compaction is the most reasonable method to reduce infiltranon. Locat- 
ing contaimment reservours om compactable soils where infiltranon would be 
10 percent or less would also help to reduce effects om soils. Soils below these 
reservoirs would be affected by compaction and infiiwanon. COAs should be 
followed during construction of reservours to prevent erosion. Even with COAs, 
reclamation would be difficult based on the size of the area, the amount of soi! 
would remain after the produced water has evaporated. Lining the infiltration 
reservoir could be followed by removing or covermg the contained evaporite 
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with 2 medium suitable for plant growth and diversion of surface flow away from 


and LAD would wiroduce the most produced water to the surrounding soils. Be- 
cause of the deletenous effect of water high in SAR on soil productivity and rec- 
lamanon potenmal, care should be taken that produced water ts not discharged 
near or applhed to highly saline soils. The sodium capacity of each soil should be 
known, application should be halted when capacity is reached, and the soil 
should be reciaimed. Halting the appicanen of produced water to reciaum the soul 
would be much more difficult im the reservous than under LAD or surface dis- 
charge. General Guidance for Land Application of CBM Produced Vater should 
be followed to mitigate effects to souls ( Appendix E). 


Suitability for wmganen depends on interaction of soil types, SAR values, salimity 
values, and crops grown. The decision to use produced water for wmganon should 
be made on a site-by-site basis. CBM produced water im the Project Area is ex- 
pected to range im EC from 599 uSicm to 3.129 uS’cm and SAR from 6.4 to 
33.7. Imgaheon water. which would be a mix of both CBM produced water and 
current stream water, is expected to range from. 537 wS/cm w 597 wS/em for EC 
and 1.3) to 22.2 for SAR. The highest EC and SAR values would occur im the 
Salt Creek watershed (see the section on Surface Water). A portion of water used 
to ungate swils for crop production must be used to leach salts in the soul water to 
below the rooting zone (typically | to |.5 meters). The percentage of water used 
to leach souls in relamon to the total amount of water apphed for imgamon ts re- 
ferred to as the leaching fraction. The salimity of the mmgamon water and the 
leaching factor together determine the effects of salimity in the sou water, which 
is the cnmcal factor m the effects to crop yields. Immgation with high-quality wa- 
ter for a few years would result in busldup of salimity in sotls with low permeabil- 
ity and, thus, would restnect internal drainage. Water gh in SAR can compound 
this effect by reducing further the wfiltramon and permeability of sotls, lamiting 
the ability to leach salts from the root zones (Munn 20026). The salimity of the 
water in soil could eventually equilibrate with the salinity of the mgamon water 
as a result of continuous rmgation (EPA 2002»). 


Average values have been predicted in the section on Groundwater for the quality 
of the propesed discharges of CBM produced water im cach of the 10 sub- 
watersheds that would be affected by the project. Predicted average electrical 
watershed to 3.129 wS/cm for the Crazy Woman River sub-watershed. Predicted 
SAR values range from 6.4 for the Upper Cheyenne River sub-watershed to 33.7 
for the Upper Tongue River Watershed. 


No numerc water quality standards are designated for SAR and salimity wm the 
State of Wyoming. General SAR and salinity thresholds can, however, be esti- 
mated for protection of irmgated soils or sous where land apphcanon of produced 
water is plaaned. These thresholds would be based on available informaneon on 
the effects of high SAR and salinity om soil chemistry, soil structure, and pub- 
lished SAR and TDS tolerance levels for various vegetative species. Estimated 
allowable SAR and salinity thresholds are complicated by the relamenship be- 
tween SAR and salinity and by the direct toxicity of sodium and salimity to cer- 
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tain crops and samve vegetanen. For example, the effects of sodium-induced 
changes im soil structure caused by ngh SAR become less severe as the salimity 
level um sou water mecreases. Inmmaily, these changes might promote the concept 
of aruficially enhancing the salinity of emganon water to counter CBM discharge 
water that is high in SAR; however, the effects of the increased salimity could in 
turn be toxic to the plants that grow im the soil. The sechens om Land Use and 
Vegetamon discuss the tolerance of namve vegetamon and agmcuitural crops w 
SAR and salty. Sou type would also be factored into the establishment of SAR 
and salimity threshoids. Leaching is an umportant factor in reducing the effects of 
salimity on crop production, but sols high mm clay are resincted in ther perme-~ 
ability and ability to de leached. Monomonilonste clays, which are common in the 
mver basins that could be affected by CBM activity. are especially sensitive two the 
destructive effects om soil structure of Ingh SAR. Direct tonicity of the sodium 
tom to certain plants is an addimonal factor that makes it necessary to establish 
olds (EPA 2002). Tabie 4-16 shows guidelines that could be used for establish- 
ing SAR and salmity (ECw) limits for wmgamon water. The guidelines are based 
om 2 study of the quality of wmgamen water by Hergert and Knudsen (1997). Sev- 
eral other studies have approached the topic of setmeg EC and SAR limits for 
wngation water. mcluding studies by Ayers and Westeot (1985) and Horpestad 
(2001). 


Undesired comsequences could also occur should produced water from CBM 
wells be discharged at points within closed basins. Water discharged within a 
closed basin would dram to the low pout of the basin or playa. The sustained 
release of produced water from CBM wells could accumulate in closed basins as 
war is evaporated. leaving its dissolved mumerais, such as sodium, behind as 
solids. in addimor, regardless of the salimty levels w the inflows and playa soils, 
the long-term ponding of playa booms would alter the normally dry soil or 
playa Dottom conditions and would result m changes in sor cundimons (BLM 
1999¢), 


Table +16 Guidelines for Determination of W ater Quality Thresheids fer irrigation 


Louw. Viedium, Hogi. Very High, 
SAR ars O7S-150 LSe300 3.00 | < 
Hazard SB ge Expected Sou Permeability und Managemen 
Low <6 <6 <2 No permeubdritty problem expected. 
) a.¢ es a-¢ >4 Usually av permeadiity prodiems expected except when 


sors ave Degh on clay and ECw is high or very lagh. 
Possible permesOuity prodiems. Can use on sandy sotis 
High %- i2 s o-% 4-6 uf LRis met. May seed soluble calcuum ddd if silt 
loam of finer texture. Mumitur dy soni test. 
soluble Caicrum or use only |umited amounts as 


Very Sagh 42 ~0 * oy nmin Ghar guatqull 7 
with son test at the end of cach seusen. 
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The development of saline and wet soil could be mimmized by avoiding dis- 
charge im Or upstream from areas. where water could become concentrated im the 
and souls in the Project Area should be monitored for high salinity and SAR ‘ev- 
els. 


Effects sumiar to these desembed in closed basins could occur in infiitranon res- 
ervoms. Avoiding constructing unfiltranon reservous on highly saline areas would 
reduce the effects to sous. Locating reservoirs om areas where water could easily 
move through the soils, such as. sous with low potenmal for compaction, high 
permeability, and porous bedrock. would reduce the potential for saturanon of 
the sou. Another avoidance approach would either (reat or amend the CBM waier 
before it enters the infiltranon reservoirs through dilunon with precipitation water 
or the introduction of soluble sources of calcium (such as gypsum) or sulfumc 
acid (winch reacts with the calcium carbonat: already in the soi to form gyp- 
sum). the first method of dilution is not reliable. especially given the prolonged 
and intermittent drought pened common in this regron, and the latter two meth- 
ods increase the amount or solubility of sotl-burme suits. 


Reciamanen of saline sods can be difficult. and no method that works in ail 
situanons bas yet been found. Possibie methods include raising salt-resistant 
crops and repeatedly flooding the affected area with water low im SAR to remove 
salts from the rooung zone. The success of these methods would depend on suil 
types, salimity values, and dramage charactertsncs of the area. Leaching may oniy 
be effecve for a short penod. as diffusion of salts up through the profile would 
hkely occur over ume unless the saits were leached into shallow alluvial aquifers. 
The leaching of amendment saits such as gypsum or the increase im situ sotl- 
burne salts through acidtficanon of the sod profile would increase loading of 
these comsntuents to surface and shallow ground water. It is possible Ww install 
pertoraed piasne pipe drains w taciiitate removal of salimity trom umgated feids 
(Munn 2002a). 


ments, including vanous sources of soluble calcsum, to reduce the potental for 
sodium jen toucity ve plant growth and mogate the detenyramen of sutl struc- 
ware caused by siaking and the sweiling and dispersion of ciays resuinng from 
excess exchangeable sodium. Amendments could include one or more of the fol- 
CaCl, MgCl, KCl, H,SO, (sulfune acid), clemental sulfur. orgamic matter (ma- 
aure alfalfa Biosoil), and N-oHurte. 


With the excepuon of sulfur acid. ail amendments could be broadcast by hand 
or by mechanical spreading. Suifunc acid could be wet broadcast using appropri- 
ate equipment. After the amendment has been applied. the area could be ulled to 
break up the surface of the soi amd, at least partaily. incorporate the amend- 
ments. 


After the suifunc acid amendments have been incorporated, the area should be 
left w react for at least | week This amendment produces an exothermic chemi- 
cai reaction im the soi. This dormant penod would allow the sotis to react with- 
out chemically or thermaily damaging the seed. After the reaction pened, an ap- 
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propriate seed mixture could be applied using a dmil-seeder or by dry broadcast 
and light scartficanon. To revegetate the affected area, plant species with demon- 
strated tolerances to sodium and salt or an enhanced. ability to take up calcium 
should by selected and seeded. These steps should be followed by leaching with 
umganion water according to predicated leaching requirements for the soil and 
known sait tolerances of the seeded species. 


The mitigation measures described above can be applied to rangeland or irmgated 
non patterns, the cost of umplemenianon, and the practicality of mechanization. 
Mitigation and monitormg would most likely be required for LAD factlites on a 
site-specific basis and would be descnbed in detail in the monitoring pians at the 
permitnng level of analysis for each proposed facility. 


Poor Revegetation Potential 

Poor revegetation potential is a concern with soil semes WY049. WYOSO, 
WY06S, WY066, WY082, WY125, WY127, WY206, WY207. WY208, 
WY209, WY210, and WY211 located im northern Campbell County, throughout 
Converse County, east of Interstate-25 im Sherdam County, and in Johnsom 
County along the Interstate-25 cormdor to Buffalo, and along the Powder River 
(Figure 4-43). These series all have capability classes indicating that the soil 
would respond poorly to reclamation (Appendix E). About $3,639 acres im the 
short term and 31.510 acres im the long term would be disturbed on soils with 
poor revegetapon potential. 


All, hazards previously discussed have a potennal effect on revegetation poten- 
ual. Thus, COAs associated with all other categores im this secon would «aid in 
reclamanon. Mixing of soi matenals dumng excavation or compaction, -spe- 
cially in the soil seres listed above, where one or two dominant soils have »oor 
potennal for revegetaon cuuld have an effect om reclamation and future produc- 
uvity. The COAs do not mentor avoiding soil mixing, but this mibgaton meas- 
ure is recommended by numerous soil surveys in the area. Sou senes WY 206 and 
WY21! should be avoided in areas where the soil is shallow or on steep slopes as 
all three major soil types in these series have poor revegetation potenual. 


Prime Agricultural Soils 

Prime agricultural soils are found im soil senes WYOO4, WY043, WY049. 
WYOSIl, WYOSS, WY064, WY065, WY066, WYI24, WY126, WY130, 
WY207, WY¥208, WY209, and WY210 located im central Campbell County, 
throughout Converse and Shendan Counties, in Johnson County Interstate 25, 
and along the Powder River (Figure +43). These series all have one or more ma- 
jor constituents idennfied by the Wyoming state office of the NRCS as Prme 
Agricultural Soils (Appendix E). About 89.233 acres im the short term and 32,643 
acres in the long term wouid be disturbed on Prnme Agncultural soils. 


All hazards discussed previously have a potenmal effect om soil productivity. 

Thus, COAs associated with ail other categomes in this section would aid in rec- 

lamanon. Mixing of soils that are not prme agncultural soils with prime agricul~ 

cural soils during excavation or compaction could affect reciamation and future 
bectivity. 
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Impiemenanon of this aitermanve would disturb almost 212,000 acres of suils 
would be 2.7 percent of the Project Area. Oil and gas facilines would disturb aj- 
mest | 75,400 acres and facilines to handle water produced from CBM welils. 
would disturb 36,263 acres. Following reclamation of burned facilines and reduc- 
uons of weil pads and other facilines, 102,058 acres would be disturbed over the 
long term, This disturbance would include 95,)38 acres for CBM facilites and 
7,520 acres. for non~C3M facilites. 


Ajternanve 2A emphasizes the use of infiltranon impoundments to dispose of 
CBM produced water. Surface discharge (and ail associated treatments) would be 
decreased and LAD and containment reservoirs would be increased. The increase 
in disturbed acreage would correspond to not only a rise in soil loss, but to a 
change in the type of disturbance as weil. 


cause of the amount of excavation. Reservoirs also cause much deeper soil dis- 
turbance, increasing the chance for mixing oi soil layers. Based on the amount of 
excavation and the depth of disturbance, construction of reservoirs would create 
larger stockpiles of soils, increasing the chance for wind and water erosion. A 
larger number of reservoirs would also increase compaction of the suils through 
construction and the weight of the water. Because water discharged to natural 
drainages would have a much higher infiltraneon rate than the infiltranoc and con- 
tainment reservoirs, infiltranon of produced water would be decreased under AJ- 
temanve 2A. Effects to soils downstream from the Project Area would probably 
be reduced along with a reduction im surface discharge. Increased LAD would 
increase the amount of infiltranon, but this increase would be offset by a dec: case 
in surface discharge. In all, Alternative 2A would reduce surface discharge and 
infiltranon, but would increase the potential for wind and water erosion, soil mix- 
ny, and compaction. 


Alternative 2B 


Implemenanon of this aiternanve wouid disturb about 208,000 acres of soils 
(199,233 acres for CBM facilities and 3,800 acres. for non~CBM facilities), which 
would be 2.6 percent of the Project Area. Oul and gas facilites would disturb al- 
mest 175,400 acres and facilines to handle water produced from CBM wells. 
tons. of well pads and other facilines, 99,048 acres would be disturbed over the 
long term. This disturbance would include 91,528 acres for CBM facilities and 
7,520 acres. for nen-~CBM facilities. 


Alternative 3 


Implermenanion of this altematve would disturb about 82.633 acres of soils 
would be |.0 percent of the Project Area. Onl and gas facilines would disturb al- 
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most 71.000 acres and factines to handle water preduced from CBM weils 
would disturd | 1,683 acres. Following reclamanen of bumed Acilines and reduc- 
uons of well pads and other facilines, 38,518 acres would be distuched over the 
3,060 acres. for non~CBM facilities. 


Cumulative Effects 


Alternative 1 


By the end of 2001, approximately | 2.024 CBM wells would have been dniled in 
the Proyect Area (Figure +43). Assuming that ail of these weils would be com- 
pleted and in production by the end of 2001, these weils and their associated fa- 
cilines would disturd an esumated 35.725 acres in the long term. 


Because of the widespread nature of CBM development, concentrated impacts on 
soils are not likely, except at reserveirs, LAD sites, and pipeline routes. Other 
resources in the Project Area could be affected by the changes in soils as weil. 
The large amounts of disturbed and stockpiled soils at reservoirs and LAD sites 
could affect air quality in the area through wind erosion. Addinonal wiidhfe and 
cattle usage around reservoirs would further disturb soils through increased travel 
and loss of vegetanon cover. If menches were allowed to guily, long pipelines 
could change draumage patterns in the sub-watersheds. Sedimentanon trom water 

erosion could change water quality and fluvial charactemsues of streams and riv- 
ers im the sub-watersheds of the Project Area. SAR im water im the sub- 
watersheds could be altered by saline soils because disturbed sotls with a conduc- 
uvity of 16 mmbheosicm could release as much as 0.8 tonsacre year of sodium 
(BLM 1999%¢). Soils in floodpiains and streambeds may also be affecied by pro- 
duced water high in SAR and TDS. 


In 10 years, the long-term surface disturbances associated with reasonably fore- 
seeable CBM. and nen~CBM projects may be 35.000 w 95.000 acres for Alterna- 
uves |, 2A, and 2B, and 35,500 acres for Altemamve 3. Consiruction, such as 
excavation, compaction, and soi minung, related to mining would affect soi” 
much the same way 4s activites related to CBM. in addinen to oil and 


Impacts to agmeulture could occur because of the potential effects on pmme agn- 
cultural soils and water quality in the Project Area. CBM facies should be lo-~ 
cated with agncuitural concerns un mand, and TDS and SAR should be mon- 
tored, especially in water used for unrygaben, livestuck, and human consumpoun. 


Disturbance related to urban and residential areas and recreanon may increase 
along with increased CBM activity. Recreabon, such as hunting and off-roading, 
could increase with the proiiferanon of roads from CBM development. Although 
urban and residential development would likely follow COAs for mbgaang ef- 
fects to soils, recreanomsts may net. Traffic on CBM roads should be monitored 
te insure thal unnecessary impacts to sotls do net occur. 


+151 PRB O & G FEIS 


The cumulative impacts of Alternative 2A are not expected to vary frem those 
described for Alternative |. 


The cumulanve impacts of Alternanve 2B are not expected to vary from those 
desembed for Alternanve |. 


Alternative 3 


Because of the decreased amount of CBM activity under Alternative 3, al! cumu- 
lave impacts described for Alternanve | are expected to decrease, except those 
related to mineral and energy resource projects. 


Landscape Processes 
Biodiversity 


Project activibes that would occur under each alternative have the potential to 
affect biodiversity im the Project Area. The effects of the proposed project on 
some of the components of biodiversity, such as vegetanon and land cover types, 
endangered, and sensitive species, are discussed below. As indicated in each of 
the following sections, populations of species or groups of species would be af- 
fected, but extirpation of species from the Project Area is not predicted. For this 
ness may be altered in certain areas of concentrated deveiopment if exurpaton 
occurs on a local basis. Beyond species mchness, patterns and evenness of species 
occurrence may change, as may dominant species. This effect is expected to be 
mest noticeable at a local scale, but is not expected to result im substantial 
changes in biodiversity at a landscape or Project Area scale. Impacts from the 
proposed project would occur within “conservation sites” defined by the Nature 
Conservancy (1999) for the Northern Great Plains Steppe Ecoregion, but the ef- 
fects could not be quantified because the boundartes of the sites are sufficiently 
defined. 


Habitat Fragmentation 

Construction and operation of project-related facilines would resuit in tragmenta- 
non of habitats im the Proyect Area, Fragmentation would occur through loss of 
narrow strips along roads and smail patches at well pads and facility sites. The 
extent of this fragmentanon is substantially different than the type that has been 
extensively studied in forested habitats because habitat loss would occur as nar- 
row stnps and smail patches within a largely unaffected matrix as opposed to 
widespread habitat loss with a few, smail remaining patches of unaffected habi- 
tat. The effects of habitat fragmentation on individual species or groups of spe- 
cies are discussed in the following sections. 
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Ecosystem Function 


One potential effect of all alternanves would be alteration of disturbance regimes, 
particularly fire and flooding. Fire regimes. may change for several reasons. The 
frequency of fires may increase because of the greater amount of activity, espe- 
ual for human-caused fires. However, expansion of the read network may in- 
crease the ability for local fine departments to suppress fires, limiting the spread 
of fires um areas. where access was previously limited. In addition, the increased 
resource values associated with oil and gas development may result im increased 
fire suppression to protect these resources. 


Flooding may also be affected by the proposed project. Increased base flows in 
streams. from surface discharge would result in decreased channel capacity to 
accommodate tlood flows. Increased base flows would also result im increased’ 
flows. Each of these changes in ecosystem processes would result im minor al~ 
terations to biodiversity and are nut expected to substantially alter the form or 
function of ecosystems in the Project Area, 


Vegetation and Land Cover Types 


Direct effects to vegetation would occur from ground disturbance caused by con- 
lines, and roads. Short-term effects would occur where vegetated areas are dis~ 
turbed but later reclaimed within | to 3 years of the initial disturbance. Long- 
term effects would occur where weil pads, compressor stamens, reads, water- 
handling facilites, or other semi-permanent facilites result in loss. of vegetanon 
and prevent reclamaven for the life of the project. These areas. would be re- 
claimed during the abandonment phase. There would be some permanent loss of 
vegetation for roads and other facilites that are not reclaimed. 


Indirect effects to vegetanon would occur as a result of project activities. other 
than the direct disturbance or removal of vegetation. Possible indinect effects. in-~ 
clude: (1) am increase in the potential for the spread of noxious. weeds. and dis~ 
placement of native vegetation caused by the increased ground disturbance in the 
Project Area; (2) alteranon of the distrrbuton of types of vegetation caused by 
changes in volume and rate of surface water flows, particularly changes in stream 
flow from intermittent to »erennmial; (3) alteramon of ecosystem biodiversity 
through changes in the composition, abundance, and disutbunon of plant species. 
and (4) changes in vegetation types that are important to wiidhife species that de- 
pend on these types as. habitat. 


Alternative 1 


Under Alternanve |, direct disturbance would be the primary impact to vegeta- 
tiom resources im the Project Area, Implementation would disturb almost 
202,400 acres of vegetation im the Project Area (193,589 acres. for CBM facies 
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and 8,800 acres for non-CBM facilities), which would be 2.6 percent of the area. 
Approximately 175,400 acres would be directly disturbed in the short term to 
extract and transport CBM and non-CBM resources. Another 27,000 acres would 
be disturbed for the construction of facilities to handle water produced from 
CBM wells. Direct disturbance would occur across all surface ownership types in 
13 of the !4 vegetation types within the Project Area. The aspen vegetation type 
would not be disturbed (Table 4—17). Direct disturbance of vegetation also would 
occur in each of the 18 sub-watersheds (Table 418). 


Table 4-17 Short-term Vegetation Disturbance by Surface Owner — 
_ Alternatives 1, 2A, and 2B 
es 
Disturbance’ (acres) 


BLM 

Vegetation Type BFO CFO FS State Private ~—_ Total 
Agniculture 12 0 3 66 13 4994 
Aspen 0 0 0 0 0 0 
Barren 187 0 3 150 1,555 1895 
Coniferous Forest 91 0 25 65 $20 701 
Forest Riparian 0 0 0 0 6 6 
Herbaceous Ripanan 0 3 0 0 0 3 
Mixed Grass Praine 1,159 6 154 1.981 15.891 19,191 
Other Shrubland 6 0 0 Ss i4 28 
Sagebrush Shrubland 4,902 1 2,528 3,011 43,174 53,626 
Shortgrass Praine 12,325 17 4.2 5,400 72423 4378 
Shrubby Ripanan 7 0 3 50 28 423802” 
Urban Disturbed 0 0 0 5 3 
Water 0 0 0 4 160 los 
Wet Meadow i4 0 14 313 2.873 3.214 
Total 18,702 3? 6,943 11.048 137,750 174,480 
Note: 


1. Figures do not include the disturbances for water handling facilites or CMFs (903 acres). which were not 
site-specificaily located m the GIS database. 
a a a ee ae ES 


The initial area disturbed during the construction phase is typically larger than ts 
required for the operation phase. After each well and associated roads and other 
facilitues are complete, portions of the disturbed areas would be reclaimed. Long- 
term disturbance would occur in the same 13 vegetation types as would short- 
term disturbance, but the total area that remained disturbed would be smaller. 
Over the long term, CBM and non-CBM facilities constructed under this alterna- 
tive would affect about 93,400 acres of vegetation, or |.2 percent of the Project 
Area. As projected, most of the disturbance would occur on private lands and 
involve shortgrass prairie and sagebrush shrubiands (Table 4-19 and Table 4- 
20). The areal extent of vegetation that would be permanently lost is not known 
at this time because the percentage of roads to be left unreclaimed is not yet 
known. Long-term disturbance would also ccur in all 18 sub-watersheds, but 
again in lesser amounts. 
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Table 4-18 $Shert-term Vegetation Disturbance by Sub-watershed — Alternatives 1, 2A, and 2B 
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Leag-term Vegetation Disturbance by Surface Owner — Alternatives 1, 2A, and 2B 
a a TT ES 


Disturbance’ (acres) 


BLM 

Vegetation Type BFO CFO FS State Private Total 
Agriculture ? 0 n 25 336 368 
Aspen 0 0 0 0 0 0 
Barren 79 0 l 3s 601 735 
Conmferous Forest 52 0 20 37 272 331 

Forest Riparian 0 0 0 0 5 5 

Herbaceous Ripanan 0 2 0 0 0 2 
Mixed Grass Prairie 457 5 132 789 6,258 7,611 

Other Shrubiand 5 0 0 7 12 24 
Sagebrush Shrubland 1,842 9 1,054 1161 16,513 20,579 
Shortgrass Praine 4,560 14 1,569 2,001 26,816 34.960 
Shrubby Ripanan 4 0 2 20 83 109 
Urbdan/ Disturbed 0 0 0 0 2 2 

Water 0 0 0 I 57 58 
Wet Meadow 6 0 12 114 1,072 1,204 
Total 7012 3 2,790 4,179 $2,027 66,038 
are 


L. Figures do not include the disturbances for water handling facilities or CMFs (363 acres), which were not site-specifically located in the GIS database. 
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Table 4-20 Loag-Term Vegetation Disturbance by Sub-watershed — Alternatives i, 2A, aad 2B 


Disnahenat’ thea 


PEE i a aiee 
ppirhnihb iia): 
Sub-watershed ~~ = = 3 3 = 
Little Bighorn River 0 0 0 0 0 0 oe 2 0 0 0 0 0 T 
Upper Tongue Rover 122 0 3 2 0 0 L222 Q 405 405 ‘“M 0 Q 458 2.708 
Middle Fork Powder River 0 Q i) $ 3 Q 9 14 3 i) 0 0 ] 0 So 
North Fork Powder River 0 0 0 Q 0 0 2 0 0 0 0 V) Q Q 2 
Upper Powder Rover i2 0 243 70 0 Q 1.600 0 6.052 12,299 $ Q Q 67 20,339 
South Fork Powder Rover Q 0 Q 2 Q Q 2 Q 0 2 0) Q i) 0 ® 
Salt Creek Q Q Q MM Q Q 0 0 74 a) 0 0 Q Q 438 
Crazy Woman Creek 0 Q 97 + Q Q 238 3 L412 22 Q ] Q 0 3,990) 
Clear Creek 176 ) 38 bi Q Q bW23 2 4 1337 32 0 $$ 476 4,196 
Nbddle Powder River Q 10 3s 0 Q 272 Q joe 618 2 0 0 26 1341 
Little Powder River 12 ] 88 191 1) 0 1.668 0 3.380 2.519 10 Q Q 103 7.971 
Little Massour: Rover 2 Q Q 2 Q Q bho Q 6! 4 1] Q Q $ 220 
Antelope Creek is Q 47 bi 0 Q 143 0 3.240 «(10,250 0 Q Q ® B70 
Dry Fork Cheyenne Rover 2 0 $ ) 2 @ 45 0 21 Ww 0 0 0 ) bbs 
Upper Cheyenne River 0 0 8 4 Q 0 93 0 Sod $71 Q Q) Q Q 1 240 
Lighting Creek 2 0 2 0 0 0 — = 8 ¢ Rn 0 0 0 ® ms 
Upper Belle Fourche River 9 0 6 6 0 0 977 ® 3973 427% 5 f 3 6 9493 
Vaddle North Platte Casper Q ) 7 Q Q 2 49 0 28 Q Q 2 Q 0 Ss 
Total 368 0 735 381 5 2 7.6ll 24 20,579 34,960 109 2 38 1204 666,038 
Note: 


t. Figures do not include the disturbances for water handling facilities or CMFs (363 acres), which were not site-specifically located in the GIS database. 
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Several opnons for handing CBM produced waters would be umpiemented and 
would result in short- and long-term disturbance \ vegetation in the Project 
Area. Details of the water handling opnons are discussed in Chapter 2. Water 
handhng would directly disourb vegetanon in |0 of the 18 sub-watersheds within 
the Project Area (Table 2-6 and Tabie 2-7). The wotal amount of vegetanon dis- 
turbed as a result of water handling methods (27,009 acres) for Altemmamve | 
would be more than that for Alternamve } because of the greater number of weils, 
but less than for both Alternamves 2A and 2B, where the same number of weils 
would be dniled but different water handling methods would be used. 


Impiementanon of Alternamve | would cause indirect effects to vegetation types 
within the Project Area. After the lnfe of the project, most facilines would be re- 
moved and the disturbed areas would be reclaimed and returned to pre-projyect 
uses. This restoramon would typically include replacing salvaged topsoil, re- 
grading where necessary, reseeding disturbed areas, and controlling noxious 
weeds. Reclamanon of all nave vegetaton types present in the Project Area, 
particularly sagebrush shrublands, would be difficult to acneve. Efforts would be 
conanued unol reclamation is successful. Replacement of pre-disturbance vege- 
tanon communites could be a long-term effort because of the difficulty in repli- 
caimg native plant communities. Forested areas, shrublands, and even native 
giassiands would remain in a low-diversity state for an extended penod (years 'o 
decades) unm recruitment of natural plant species re-establishes the pve- 
disturbance levei of diversity. 


Perhaps the greatest potential effect of the development of CBM on vegetation in 
the PRB is the potential umport and spread of noxious weeds around project fa- 
cilities. BLM’s prumary mission is to sustain the health, diversity, and productiv- 
ity of the public lands for the use and enjoyment of present and future genera- 
tens (BLM 2000c). One sub-category of this mission calls for BLM to restore 
and maintain the health of the land. As stated im BLM’s document Purtners 
Against Weeds, one of the greatest obstacles to maintaining healthy ecosystems 
and restoring impaired ecosystems is the rapid expansion of noxious weeds be- 
cause these invasive plants can dominate many sites and often cause permanent 
damage to plant communities (BLM 19966). 


Executive Order 13112 om Invasive Species, issued by the President in February 
1999. established the National Invasive Species Couneil (NISC). Besides pro- 
moung muit-jursdictional cooperation among federal, state, local, and tbal 
authorities, Executive Order 13112 directed the NISC to provide guidance on 
invasive species for federal agencies to use in implementing NEPA and to pre- 
pare and issue a Nanonal Invasive Species Management Pian. The National Inva- 
sive Species Management Pian, published in October 2001, provides for the na- 
nen am action plan composed of the following topics: leadership and coordina- 
educanon and public awareness. Although each of these topics pertains in some 
degree to the management of invasive species within the Project Area, of particu- 
lar concern are strategies set forth in the prevention, early detection and rapid 
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ness sections. 


The first ine of defense and the most cost-effective strategy against invasive spe- 
cies over the long-term is. prevenong them from becoming established. A criucal 
component of the prevention st _, ‘3 the management of pathways to hinder 
of seed include personnel and vehicle travel, sources of gravel and fill, and 
sources of seed. Management of pathways is the most efficient way to address. 
unintentional introducnons (NISC 2001 ). 


When prevention strategies fail to stop establishment of noxious weeds, carly 
detechon of invasions and quick and coordinated responses are needed tu eradi- 
cate or contain invasive species before they become so widespread that control 
becomes technically and financially impossible (NISC 2001). Effectuve control 
and management strategies to prevent spread or lessen effects should be umpie- 
mented in areas where noxious weeds are currently established. Control and 
management of invasive species populations are accomplished using an inte- 
grated yest management (1PM) approach, which may include strategies for eradi- 
canor, population suppression, or limiting dispersal of an invasive species within 
@ local area. Selecnon of am IPM strategy for any particular area depends on the 
species targeted and known environmental effects of available control methods. 
Methods. of control may include cultural practices such as revegetation plans or 
equipment (washing vehicles and removing seed from ciothing); removal mecha- 
nisms, such as hand-removal or burning; applicanon of chemical or biopest- 
cides, and release of selective biological control agents. Effective applicanon of 
IPM often requires coordinanon of muitipie control methods. 


Restoranon of disturbed areas is an integral component of comprehensive pre- 
vention and control programs implemented to keep invasive species from causing 
greater environmental disturbances (NISC 2001). Construction among severe 


Educanon and outreach programs for all personne! engaged in development of oil 
and gas consiitute an important line of defense for prevention and control of in- 
vasive species. Local weed and pest contro! distmets should be consulted dumng 
the development of [PM strategies and educahon programs. 


Infestanons of noxious weeds cause many negative effects on resources in any 
given area. Once weeds. are introduced into am area, they commonly invade the 
most productive sites, such as mpanan areas and sites with deep, fertile soil. In- 
pacity for livestock. Monocultural stands of one species of weed disrupt the 
muilti-stored structure typical of naive plant communities, leading to a reduction 
or possible eluminanon of use by wiidhfe. Recreauomists, such as hikers or hunt- 
ers, may avoid areas of noxwous weed infestanons for a vanety of reasons, includ- 
ing lack of scenic beauty or wildhfe or the difficulty associated with negotiating 
aceas covered with suckers or burs. 
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One of the primary mechanisms for Jispersal of the seed of noxious weeds is mo- 
tor vehicles. Histomeally, recreaional vebicies (motorcycles, ATVs and four- 
wheel dmve velicies) have been a main culpmt in the spread of undesirable seed. 
When vehicies are dmven througt weed-infested areas, seed may become lodged 
im Ure treads or in any of the multiple available crevices in the undercarnage. or 
may sack to vebrcies with splattered mud. Seeds may be transported for hundreds 
of males before they become dislodged (BLM 1996a). For this reason, vehicles 
that traverse any portion of the Project Area become a potential vector for further 
infestanons of noxious weeds. Companies operating im areas identified with in- 
festanions of weeds would be required to submit an [PM before approval of their 
APDs. lif Companies are operating in areas with known infestanons of noxious. 
weeds, they may be required «© wash their vehicles upon leaving those areas. 
Peopie whe have collected seeds on thew clothes or boots after walking through 
weeds shoulg remove the seed before they travel to a mew area. 


Noxious weeds have the ability to displace namve vegetation and hinder reclame- 
uon efforts. Minumizing establishment and spread of unwanted invasive species 
on or near disturbed areas is of cmcal umportance after reclamation efforts have 
begun. Effectrve reclamation of disturbed sites is best achieved when natural 
vegetanve succession develops unumpeded by invasion of undesirable plant spe- 
cies. When areas surrounding disturbed sites are infested with noxious weeds, 
desirable species, such as in an approved seed mix or pioneer species surround- 
ing the site, are not able to compete, which disrupts the successional balance nec- 
essary for restoranon of the panve plant community. 


Education of employees working in the region on the proper methods of avoiding 
seed dispersal is probably one of the most cost-effective methods of controling 
the spread of noxious weeds. Many species of noxious weeds are being managed 
with biological control agents. Numerous state and federal laws regulate the dis- 
tnbumon of noxious weed seed in any seed mix available to the public. As long as 
seed intended for reclamation is bought from a distributed certified by the State 
of Wyoming, the potential for introduction of noxious weeds through seed mixes 
is maunumai. Other factors that can minumize the spread of noxious weeds include 
inspection of sources of rock and gravei betore they are purchased and applied to 
roads, weil-pads, or compressor staons. Appiication of herbicides should be 
considered when ail other options have been exhausted or logically eliminated. 
County weed and pest control distncts should be comsulted for advice on effec- 
nve methods of noxious weed control. If weed mitigation and preventative pro- 
cedures were applied to all construction and reclamation practices, the umpact of 
noxious weeds would be minimized. 


Disturbances associated with construction of weil pads, compressor statons, 
and establishment of noxious weeds. The extent of these invasions is difficult to 
predict and would be influenced by many factors, including the areal extent of 
disturbance. the extent of exisung weed infestahons that would provide a source 
HAE ee arene tape 

not yet infested, the effectnveness of minganon measures designed to prevent 
infestanons of noxious weeds, and the ume lag between the end of disturbance 
and the successful completion of reclamation. 
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Surface discharge of produced water from CBM weils has the putenval w alter 
vegetanor patterns in areas downstream of discharge points. The increased avati- 
ability of water along normally dry stream chanmeis could cause an uncrease In 
the extent of mpanan and wetland vegetanoe and 4 corresponding decrease in 
upland vegetapen that formerty occupied these areas. This suit in vegetanon 
types would provide another type of disturbance that could be expiviied Dy a0A- 
ious weeds. The extent of these changes depends on the locabous chosen for dis- 
charge pots and on the ousting vegetanon Gownsiream. 


Another potental indirect effect om vegetamem resources in the Project Area 
would be increases in levels of water and rates of flow through stream corndors. 
This. effect is discussed im detail im the section om Wetlands: Ripamam Areas. 
Vegetanon communites at parucudar risk of alteragon as 4 result of msing siream 
levels are shrublands along the upland border of mpaman areas. Two species that 
display intoierance to inundanon of rovt-zones are Wyoming dig sagedrush and 
rabbitbrush. The vigor of big sagebrush is reduced in respense to short periods of 
surface flooding and flooding for a pened of 2! tw 23 days can result in complete 
mortaiity of big sagebrush (Ganskopp | 986). The same study concluded that rab- 
bitbrush expertenced complete mortality after 28 two 35 days of imundamon. 
Greasewood showed more tolerance to flooding, endummg 40 to 42 days of flood- 
ing before any visible effects were detected and 60 days of continual fooding 
before any wilting appeared. A dhe-off of shrubs along the edges of mparian areas 
would hkely occur long before mpanan species would be able to migrate laterally 
and take advantage of the open space with high availabilty of water. Instead, an 
area perfectiy suited for invasion of noxious weeds would develop. Areas where 
species mortality occurs should be acovely seeded with desirable species before 
noxious weeds invade. 


Changes im the saiimity of water pose another indirect effect to vegetamon re- 
sources within the Project Area. Vegetanon communities develop i associanon 
with certain environmental condibeons, such as types of soil present and avaslabil- 
ity of water. Some of the water produced by CBM weils. and discharged using the 
various water-handling methods would alter the concentrapon of sait in water 
available to plants. Damage to plants is hkely when severe fluctuanons in the 
availabilty of nutnents occur. For example, high concentranons of calcium .ons 
in the soil solumon often prevent plants from absorbing potassium efficiently 
(Bernstein | 964). Increases in salinity may favor the establishment of noxious 
weeds. Shafroth (1995) has shown saltcedar to be less suscepuble than Fremont 
cottonwood to many of the megamve effects of Ingher salamites. It is likely that 
higher salimty in soi along many stream and mver chammcis has favored the es- 
tablishment of saltcedar over cottonwood, a possible explanation for the increase 
of saltcedar along most of the mayor drainages within the Project Area. 


Other than the alteranon of vegetanon along drainages, other changes in vegeta- 
hen patterns may occur. Large, commguous stands of vegetamen could be frag- 
mented by construction of well pads, roads, pipeline curmdors, and other tact)- 
bes. Disturbance followed by reclamanon would alter the composinon of species 
in reclaamed areas relanve to undisturbed areas by replacing diverse nave com- 
munites with communines consisnng of a few favored reclamanon species. 
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The applicanon of water at LAD sites would increase ground cover and produc- 
sive species, inciuding noxious weeds, to establish. Application of water at L AD 
sites would reduce the presence of certain piami species that are not tolerant of 
umganon, such as sagebrush, while favermg species that are capable of expioit- 
ing the increased amount of water that would be availabie. The intoduction of 
salts in produced water at L AD sites could alter soil chemistry and affect both the 
composition of plant species and production of biomass. Excessive build-up of 
salt in sous could result in decreases in productivity and loss oi mave species 
that are sensinve to high concentranons of salt. Sou chemistry would be moni- 
wored during the life of the proyect and mingaten measures would be applied to 
reduce these impacts. Use of 4 rest-rotanon system of water application and the 
use of sou amendments to reduce concentrations of salt are two possible minga- 
non measures. These measures would be developed on a site-specific basis, tak- 
ing into account local properties of soul, species of plants present, the parucular 
salts or other contaminants that are causing probiems, and the objectives of the 
managing agency or surface owner. 


The long-term effect of these shifts in vegetation patterns would be 2 reduction in 
biodiversity within and near disturbed areas. Where nave vegetation provides an 
essential comporent of habitats for wildlife. such as the requirement of sage 
grouse for large, healthy stands of sagebrush, these shifts in vegetavon patterns 
would result in decreased quality of habitats for wiidhfe. Some of these changes 
im vegetanon could occur im areas that have been specifically identified as. umpor- 
tant to the conservation of biological diversity. The alteraton and potential loss 
of biodiversity associated with project-related activities is difficult to quannfy, 
but is not expected to have any obvious effect on biodiversity in the Proyect Area 
as a whole. Even if diversity of all species of plants in the entre disturbed area 
were to be reduced tw some rudimentary level, only a smail percentage of the 
landscape in each sub-watershed would be affected. The remaining undisturbed 
vegetanon would retaim a level of biodiversity essentially equivalent to pre-~ 


Under Alternanve 2A and 2B, the numbers and locatons of new CBM and con- 
vennonal weils would be identical to Alternative |. However, Alternatves 2A 
Factlies to handle produced CBM water would disturb 36.263 acres under AJ- 
ternanve 2A and 32,653 acres under Alternanve 2B. All disturbances associated 
with Alternamve 2A and Alternamve 2B would occur im the same vegetation 
types, land ownerships, and sub-watersheds as Alternative |. Thus, the distrrbu- 
uons of short-term disturbances to vegetanen shown on Table +17 and Table + 
13 and the long-term disturbances shown on Table 4-19 and Table +-20 also 
would apply to Alternatives 2A and 2B. Overall, Altenatve 2A would disturb 
211,643 acres of vegetation im the short term and 102,658 acres over the long 
term. In contrast, Alternanve 2B would disturb | 02,658 acres of vegetation in the 
short term and 99.048 acres over the long term. 
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As suggested above, the prmary difference between Alternanve | and Alterna~ 
uves 2A and 2B, im terms. of direct disturbance of vegetation, is the relative pro-~ 
portion of disturbance caused by the different types of facilites for handhng pro~ 
duced CBM water. The total amounts of vegevanion disturbed by facilites fer 
handling produced water for Alternanve 2A and 2B are more than that for Alter- 
native | because both alternatives would involve construction of a larger number 
of umpoundments, which would result un greater surface disturbance. Total dis- 
turbances for Alternatives. |, 2A, and 2B are greater than for Altematve 3 be~ 
cause that alternative involves many fewer new wells. 


Indirect effects to vegetanon as a result of Alternatives 2A and 2B would be 
similar to Alternative |. Disturbances associated with consiruction of weil pads, 
tunives for the invasion and estabiishment of nexious weeds. The increased 
availability of water at LAD sites would increase ground cover and alter the spe- 


cies Composition by providing an opportunity for aggressive species, including 
noxious weeds, to establish. 


Surface discharge of produced water trom CBM wells has. the potential to alter 
vegetation patterns in areas downstream of discharge points. This shift in vegeta- 
tion types would provide another type of disturbance that could be exploited by 
nowous weed species. Disturbance followed by reclamation wouid alter the spe- 
cies composition of reclaimed areas. The long-term effect of these shifts in vege- 
tanion patterns would be a reduction in biodiversity within and adjaceni to dis- 
turbed areas. The differences between the two water-handling scenaros in terms 
of indirect impacts are expected to be in propertion to the differences in direct 
impacts. 


Alternative 3 


Implementation of Alternanve } would disturb more than 82,600 acres of vegeta- 
tion (79.052 acres for CBM facilities and 3,581 acres for non-CBM facilites), 
which is | percent of the Project Area. Almost 71,000 acres of vegetaton would 
be disturbed in the short term to construct facilines to extract and transport CBM 
and nen-CBM resources. Another | ),683 acres would be disturbed for the con- 
struction of facilines to handle produced waiter. 


The disturbances projected under this alternauve would involve |2 of the |4 
vegetanion types idenafied in the Proyect Area and would occur primartly on state 
and private property (Table +-2! and Table 4-22). The aspen and herbaceous 
nparian vegetanon types would not be disturbed. Direct disturbance of vegetation 
would occur im !7 of the 18 sub-waiersheds within the Project (Table 4-22). The 
only sub-watershed ihat would not be affected would be the North Fork Powder 
Rover. 


im contrast, more than 38,500 acres of vegetation, or 0.5 percent of the Project 
Area, would be affected over the long term for CBM and non-CBM facilites. As 
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alternative would involve |2 of the 14 vegetation types identified in the Project 
Area and would occur primarily on state and private property (Table 4-23 and 
Table 4-24). Although at least some of 12 vegetation types would be disturbed, 
most of the long-term disturbance would involve the prairie grassland and sage- 
brush shrubland types. Disturbances associated with the facilities for handling 
produced CBM water also would encompass almost 11,700 acres over the long 
term. 


indirect Effects 


Implementation of Alternative 3 would result in lower potential for the occur- 
rence of indirect effects to vegetation types within the Project Area than Alterna- 
tives |, 2A, or 2B because of the reduced nuinber of wells, roads, ancillary facili- 
ties, pipelines, and water hanaling facilities. After the life of the project, most 
roads and facilities would be removed and the disturbed areas would be re- 
claimed and returned to pre-project uses. 
a= - =a ee «+ - > 

Surface discharge of produced water from CBM wells has the potential to alter 
vegetation patterns in areas downstream of discharge points. This shift in vegeta- 
tion types would provide another type of disturbance that could be exploited by 
noxious weed species. Disturbance followed by reclamation would alter the spe- 
cies composition of reclaimed areas. The long-term effect of these shifts in vege- 
tation patterns would be a reduction in biodiversity within and adj2cent to dis- 
turbed areas. This effect would be less for Alternative 3 than for Alternatives |, 
2A, and 2B. 


Cumulative Effects 


Implementation of each of the alternatives would contribute to cumulative effects 
to vegetation in the Project Area. Cumulative short- and long-term disturbance to 
vegetation by alternative for each surface owner is shown in Table 4-25. Cumu- 
lative short- and long-term disturbance to vegetation by alternative for each sub- 
watershed is shown in Table 4-26. Included in Table 4-25 and Table 4-26 are 
the cumulative direct effects of oil and gas (both conventional and CBM) devel- 
opment, including projected effects of CBM development on private surface 
lands with private mineral ownership. The data for Alternative 3 do not include 
potential new federal wells that would be developed in response to drainage 
caused by production on adjacent state or fee minerals. Additional oi! and gas 
development (both conventional and CBM) may occur later beyond the level 
considered in this analysis. Other activities that would contribute to cumulative 
effects on vegetation in the Project Area include mining for coal, uranium; sand, 
gravel, and scoria; ranching; agriculture; construction of new roads and railroads; 
and the developme at of new rural and urban housing. 


Cumulative shoit- and long-term disturbance to vegetation by alternative for 
vegetation type is shown in Table 4-27. Included in Table 4—27 are the cumula- 
tive direct effects of oil and gas (both conventional and CBM) development, in- 
cluding projected effects of CBM development of private surface lands with pn- 
vate mineral ownership. 
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Table 4-21 Shert-term Vegetation Disturbance by Surface Owner — Alternative 3 
a a 


Disturbance’ (acres) 
BLM 
Vegetanon Type BFO CFO FS State Private Total 
Agneulture 0 0 0 66 871 937 
Aspen 0 0 0 0 0 0 
Barren 0 0 0 130 668 818 
Con:ferous Forest 0 0 6 65 113 Is 
Forest Ripanan 0 0 0 0 6 6 
Herbaceous Ripanan 0 0 0 0 0 0 
Mixed Grass Praine 0 0 i 1 YOs 9.345 11324 
Other Shrubiland 0 0 0 3 s i 
Sagebrush Shrubland 0 0 2 2,822 17,822 21,106 
Shortgrass Praine 0 0 2 4.836 27.241 32,819 
<=> Shrubby Ripanan 0 0 0 30 215 265 
Urban Disturbed 0 0 0 0 3 3 
W ater 0 0 0 - 1% Low 
Wet Meadow 0 0 3 313 2.642 2.958 
Total 0 0 1.174 10.327 59080 7TOS91 
Note 
| Figures do aot imctude the disturbances for water handling facsiimes (| | 683 acres) of CMFs (356 acres) whach were not sate-specifically located im the GIS 
fatadaxc 
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Table 4-22 Shert-term Vegetation Disturbance by Sub-watershed — Alternative 3 
ed) 


Dasturbance’ (acres) 


: ‘ : $5 : 3 3 ; 
Baminisisin fpdidiog <i; 

Sub-watersted < < Cn ue a 296 ¢ a= a 264 3 => = 
Little Baghorn River 0 0 0 Q 0 0 tl 0 3 0 0 1] 9) Q i4 
Upper Tongue Rover 337 n) $2 $ 0 e 293 #«@ oo: Ss M6 0 ® 124 6594 
Nhduile Fork Powder River 0 4] Q 3 0 3 3 3 bl 0 Q ) 0 3 
North Fork Powder River D] 0 0 0 0 0 0 0 Q ] 9) y ] 0 Q 
Upper Powder River le 0 275 is uv Q L455 0] 4132 7.17% bt 9) y) 2 Bae 
South Fork Powder River 0 0 0 3 0 Q 3 Q 0) > 3) Q 0) 0 9 
Salt Creek 0] 0 0 v Y 0 ] Oe +o! Q 0 0 9] 365 
Crazy Woman Creek 0 0 ow) ; 0 ,) ws 0 1323 (1.937 0 m) Q ®@ x72 
Clear Creek 477 0 ]~) is 0 i) 2288 > L482 2254 ball Q bs LMe 8.09) 
Vheuile Powder River 3 0 ? lo 0 Dy) +4 0 13s 1o3 3 ) ) x» 3M) 
Little Powder Rover 3s 0 7S “ 0 9) | 28 0 L168 2195 a2 ) Q 4 7.66! 
Lutte Mhssour River ; 0 0 0 y) ) w D) is 13 5) ) 0 5 2 
Anmetope Creek 7 0 32 » 0 0 ™ 060OCtiéiR SBI 0 0 0 @ iR8e3 
Dry Fork Cheyenne River ; 0 ” 0 ; ,) 9 0 . 14 0 0 0 0 8 
Upper CRhevenne Rover ) v a) ; 0 9] ww 0 43) aM) 4] ) ] 0 | 4™ 
L qghhomeme ( reek y ” ) ) ) 0 w ‘ 2 bl 0 ) ) 0 on 
Lpper Belle Fourche River 12 y) az? s 0 D) 1.682 D) 5.985 66.552 > 0 ‘ is i465 
Vindale North Paste ( asper .) 0 0 0 ) 0 > ) '? 0 0 ; 0 0 48 
Toca aa 0 sis is B) 3a tt Die SSI 26s 3 low a he) 
Note 


| Fygures do set uclude the Gsturbunces for water bundhmg facrimes (| | O83 acres) of CMEs (356 acres), winch were at sate-specifically located w the GIS database 
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Table 4-23 Leag-term Vegetation Disturbance by Surface Owner — Alternative 3 


SEE EL DEE TE Tn 
Disturbance’ (acres) 


BLM 

Vegetanon Type BFO CFO FS State Private Toral 

Agneulture 0 0 0 25 319 344 
Aspen 0 0 0 0 0 0 
Barren 0 0 0 54 258 312 
Comiterous Forest 0 0 4 37 61 102 
Forest Riparian 0 0 0 0 5 5 
Herbaceous Ripanan 0 0 0 0 0 0 
Mixed Grass Praine 0 0 9 750 3,639 4,398 
Other Shrubland 0 0 0 2 7 9 
Sagebrush Shrubland 0 0 185 1.089 6,772 8.046 
Shortyrass Praine 0 0 25! 1st 10,160 12,222 
Shrubdy Ripanan 0 0 0 20 x0 100 
Urban Disturbed 0 0 0 0 2 2 
Water 0 0 0 56 $7 
Wet Meadow 0 0 2 114 977 1,093 
Total 0 0 45! 3,903 22.336 26.690 
— 


t. Figures do not include the disturbances for water handling facthtes (| | 683 acres) or CMFs (143 acres), which were not site-specifically 


located m the GIS database. 
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Sub-w atersfed 


Agriculture 


Aspen 


a5 


Kipanan 


Shrubby 


Urban/ 


Little Bighorn Rover 
Upper Tomgue Rover 
Vbddle Fork Powder Rover 
North Fork Powder Rover 
Upper Powder Rover 
South Fork Powder Rover 
Sait Creek 

Crazy Woman Creek 
Clear Creek 

Maddle Powder Rover 
Littie Powder River 

Little Massour Rover 
Antelope Creek 

Dry Fork Cheyenne Rover 
Upper Cheyenne Rover 
Lightring Creek 

Upper Belle Fourche River 
Vhddle North Platte Casper 
Total 
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Note 


|. Figures do net inciude the disturbances for water handling facies (| | 683 acres) or CMs (143 acres), winch were not site-specifically located in the GLS database. 
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Tabie 4-25 Cumulative Oli and Gas (including CBM) Direct Impacts to 
Vegetanea by Ajternadive and Surface Owner 
Properuen of Surface Owner Area Disturbed 
Altematives |, 2A. and 2B Altemas’ v2 3 
Short term Long term Short term Long term 
Surface Owner ( Percent) (Percent) (Percent) (Percent) 


Buffalo FO 250 1.03 0.14 O14 
Casper FO O13 O12 0.09 0.09 
FS 2.90 1.30 0.09 0.41 
State 231 b21 2.19 L.b6 
Private 230 . L.S@ U.96 
Total 2.73 1.3 1.42 0.36 


Table +20 (Cumulative Ot) and Gas (including CBM) Direct impacts to 
Vegetanea by \iternanve and Subd-watershed 
el 


Propurton of Sub-watersied Disturbed 
Alternates |. 2A, and 2B Alternanve $ 
Shontterm Lesgtirm Sorter Long tenn 
Subd- watersfed (percemi) (percemt) (percent) (percent) 
Littiy Bagnorn 0.03 0.02 0.03 0.02 
Upper Tomgue Rover b.t2 U4 10 0.43 
Vhddle Fork Powder 0.03 0.03 v.02 wz 
North Fork Powder V.01 v.01 0.00 o.uy 
Upper Powder Rover Ls 1.67 1.23 070 
South Fork Powder 0.Ue U.Ue 0 U.0® 
Sait Creek Us 0» 0+ @.21 
Crazy Woman (reek han e a7 a2 als 
Clear Creek ls os 1S vow 
Vhudle Pow der + US 1M 3 | 
L tthe Powder >@ )er ) os ) 45 
Littie Missour 0% 0.06 as a 
Lntetope 28 2R 233 =. 
Orv Pork Cheyenne a3 12 aw V.i9 
Upper CDevenne =” i 48 103 
L ghana Creek 033 033 os o> 
\_pper Beile Fourche 467 1" M5! 245 
Vhddle North Plame Casper 0.08 0.08 J.Ue 0.05 
T aad 273 \» 1.42 0.86 
+ io ml PAB) & © EIS 


Table 4-27  Cumuiative Oil and Gas (including CBM) Direct linpacts to 


Vegetamea by Alternanve aad \ egetanua type 
RAP AP OST 
Proportion of Vegetation Type Disturbed 
Altemanves |. 2A, and 2B Alternanve 3 
Short erm Long term Short term Long term 
\eyetsnon Type (percent) (perceni) (percent) (percemt) 
Agneulture | ou 0.48 0.98 0.43 
Aspen v.00 U.00 v.00 0.00 
Barren 233 13 1.40 0.3 
Comferous Forest V4! @25 Xl v.10 
Forest Roparian v.08 0.08 0.08 U.08 
Herdeccuus Ropanan V.1o Qs @r3 a3 
Vixed Grass Pramre os 0.93 bb? 0.73 
Other Strubdiand 0.0e 0.05 0.05 0.08 
Sugedrusd Shrudiund 20 Lo2 | od 1.06 * 
Shortyrass Praine 342 1.60 LS v9! 
Sdrubdds Rupanan ass u.2s os! a23 
L rtvan, Disturbed 0.07 0.08 0.07 0.05 
W ater 19s Ye 30 TS 
Wet Meadow am.) be 220 1.03 


Within the Proyect Anca, cual mumng conbaues to disturh mere vegetation every 
vear. Surface Gsturbance om permitted coal mes w the PRB mereased 
6.795 acres from: 9O.7TS! acres we 2000 to 9746 acres wm 200! Total acres of 
reclaamed land dummy the same perwd rose from [0,007 acres to |S.) 04 acres, an 
merease of |.437 acres (Chmstenser 2002). For cach addimeonal |.0U0 acres dis- 
warded by coal mumag wm the Project Area dumng year 200). approxumately 
2!) acres were reclammed. WDEQ defines reclaumed land as affected land that 
bas been backfilled. graded. the twepso: has deen replaced. and permanentiy 
seeded according to approved practices specified in the reciamanen plan (Chirs- 
temsem UWL). The teres of reclammed land imentemed adese do nut represent land 
that Dus deen returmed tw its natural, pre-mmng vegetabve Community \)though 
reviamanon plans for approved mining permits are umpiemented with the ioten- 
von of re-estaDishing pre-amning cvadinens, actual establishment of native. seit 
sustaining Vegetamon Communifes may take decades to aces ec 


The 4.400 acres currendly disturbed Dy uranium miming arc not expected Ww in- 
cfase substantally m the sear future Sand, gravel, and scoma miming, which 
have disturbed | 200 acves, also are not expected lo expand sudstanhal/y Agm- 
culture has affected | | 3.043 acres of lands that were formally occupied Dy native 
veyetaoor. Agneultural areas are not expected to sudstantally expand of Contract 
wm the near future. Urban ievelopment has resulted im the loss of 4562 acres of 
nahve \eyetagon. A mumer amount of new rural and urban developmen is ¢x- 
pe.ted wo the near future. but the amounts of types of -egetanon disturbance have 
owt deen csomated. Cumulative impacts tw vegetaben trom roads, ranlruads. and 
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Napier 4 — Enwronmeniai Consequences 
rural development have not been estuumated, except where road impacts are part 
of eusung or proposed oi and gas development. These road impacts are includea 
| in Table 4-25 and Table +26. 


All non-oil and gas umpacts are esumated to have resulted in the loss of 2.3 per- 
cent of the naive vegetamon im the Project Area, When non-o and gas umpacts 
are combined with the existing and proyected impacts from oil and gas develop- 
ment, 5.5 percent of the vegetamon in the Project Area would be disturbed in the 
short term and 4.2 percent of the vegetanon im the Proyect Area would be dis- 
turbed over the long term, depending on the alternative selected. 


The total acreage affected by development of CBM would not be disturbed si- 
multanevus!y because development would occur over the life of the project. 
Some of the disturbed acreage would be rec!umed or would be in the process of 
bemy reclaimed when new disturbances are umbated. Development of CBM. ts, 
however. expected to occur at a rate faster than abandonment and reclamation ot 
weils. In the near future (S to 10 years), the amount of vegetation disturbed is. 
likely to increase, although the anucrpated life of CBM wells (10 years) suggests 
that reclamation would eventually overtake development of new wells, resulung 
; in 4 net decreuse in disturbed vegetation over the long term. 


As of 1995, an esumated 8.5 million acres of BLM property im the western 

Limited States had been infested by semous weed popuiations and infestavons 

were spreading at an accelerating rate, which BLM estimates at 2.500 acres per 

day (BLM [995Sa). If combined with esomates of infestamon on private property. 

these esuumates would casily double. Some species of noxsous weeds are spread- 
ing quickly within the Project Area. Over the last 3 years (1999 through 2002), 
the area of infestanen tor Canada thistle has almost doubled in Campbell County. 
Esomates for Scotch thestie and salt-cedar suggest they have tnpied their distr- 
buben in Johnson County over the same penod, with leafy spurge. Russian knap- 
weed, and heary cress more than doubling. Russian Knapweed has more than 
doubied over the same pernod in Converse County. According to the Campbell 
County Weed and Pest Control Distnet. spotted knapweed has the potential of 
become 4 serous problem as a result cf the scattered invasions throughout the 
county. especially along roads (Griswold 2002), All species of noxious weeds 
wWennfied in Chapter } have the putental to damage the health of the ecosystem 
i! proper management techniques are not implemented. 


Salinity in soil bas increased along many stream and mver channels ip the west- 
em United States through the reduced frequency of salt-leaching flooding that 
resulted from construction of many reservoirs One potentially beneficial effect of 
development of CBM 1s the possibility that increased stream flows will scour 
salts from mparan zones where the lack of flooding in recent years has allowed 
salt to accumulate. 


ee ee 


—— we 


Im areas reciaumed after development of CBM, the reciaumed areas often differ 
substantially from undisturbed areas in terms of vegetabon cover. Reciaumed ar- 
¢aS May not serve ecosysiens functions row provided by undisturbed vegetation 
: communines, parneularly ‘nm the short term, when species composition, shrub 
cover, and other environn. al factors would likely be different. Esta>lishment 
of neous weeds and alteravon of vegetation along drainages and reclaumed ar- 
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eas has the potential to alter the distnbution of the types of vegetation. As a re- 
sult, alteration of biodiversity may occur through the overall effects of the proyect 
on vegetation. 


Wetlands/Riparian Areas 


A number of potential effects to wetlands and npanan areas are associated with 
the extractian of CBM in the Project Area. This section summarizes the primary 
categones of effects to wetlands and mpanan areas. which include (|) habstat loss 
and degradation from roads, well pads. and ancillary facilities. (2) road umpacts 
other than direct loss of habitat: (3) umpacts from the quantity of produced water. 
and (4) impacts from the quality of produced water 


Alternative 1 
Habitat Loss/Degradation 


Loss of wetlands and mpanan areas would occur despite the imterton to aod 
these environmentally sensitive areas whenever possible The largest proporhon 
about 80 percent. of the habitat disturbance would be caused by construchon of 
linear facilites such as pipelines. roads. and power lunes trangitt-lime Comstruc- 
non of these facilities ts the most cost-cflectrve methad. so Ht can be assumed that 
wetlands and mparian areas would hie on the path of comstruchion Ripanan areas 
m parucular. are likely to be crossed by roads. power bine. and pepelime Cormdars 
Well pads. compressor station pads. and many water handling tactics 4 ould 
not cause loss of wetlands and mpanan arcas becaus the, would he kxated © 
upland sites. Some of the disturbance would be sher term. such a Comstrachon 
of buned pelines and overhead power limes. while other dsturfam cs we cukd hk 
long term of essential!l, permanent. such as Construchen of naads Habutat bows om 
wetlands and mpanan arcas would aoccur directh through Comstracher of roads 


papelines. powcr lines. and some water handling tac rirtees 


Habitat loss of wectlands and npanar arcas can substantial!) afc. pam amd am 
mal species that depend on these coosy stems Mam plants grow o@h)  ancr 
ally flooded of saturated sotls associated « th wctland> and mpener arom | | > 
Addmonall). amphrmans. turtles, aguatx omcrnctratcs fieh eateries |) ter: 
turds. small mammats. carnivores. and Mag game spend mach of them Wh Ok 
« ctlands of arc drawn w the hatitats preaded ™ wctiamd> and opera atom © © 
toad. water or sheftcr Multipic wal! jaca! populate of & clam sae fcr 
cust through the abdelit. © move fetwcen acarh «ctlamd amd oman ace 
Local papulabom of wetland mene ac Rew .uincramc bo OUlTPeter Ro. ae 
of the patctn mosax drtrbwner of ectiand and pene ace the ok wr 
rounded  wrec cypame of oon differce apiand fabete (Cte OW ke 
cTcase w thes hatte chammaic. popuismem oo hae Gk aw Cae | code 
bon © tc coOoSy stem . sie ter hc sfhoceed am 2 ete ©. Grtmrestermy tt 
oan nchnos of the costagiae 0 emmumtec. W ctlam: fame emer ae 
wa>-aatersheds of the Prope Arce mm cei oer bo otk te eet 
a amphsmam tuttic: and meet The hatte ase Cian ano omen ace 
cam Reve lap: eee @ && coobagne leet 6 te emerwhed th 
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cause of the dispropornonaicly agh spooes nchness of wctland and "panan 
areas (Brnsor ct al 198). Unversity of W vorung 2002). 


Degradanon of wetiands and npanan areas would occur Recausc of iadmrert c 
tects Roads. well pads. or power lines that are adjacent to the haba! of «cthamd 
and mpanan arcas may cause \anous wctiands pons & dmappear cutter trom 
behav tora: altcraborrs or physical ampact Decrcases m the pecs mohaew of 2 
parncular wetiand or wctiand mosax may not be detectatic tor Very voary bor 
tards repnics of amphitwam of cen wveral decade for sctlamd plan 
(Findlay and Bourdages 2000) The potemtas! Cause of thew din bem ar TT 
crosson. Changes to Pv drotagecal pattcrm and um assam De Cute, GRO 


cart ail (KS peroemt) wetlands and mparae arom @ Ge Proyost Ane acu 
pernvate tamds (Tatkc 3-24) Atowt | S porcom of te preach owned wctiand 
and npanan aca, souk? fh detwrted @ ir shen tere et ke Ge oe 
shups bewg desturted wo 2 much lower cnt (Tae 4 17) Atoe: © S pomoeme of 
the Patchy owned ecttamd amd nena atom ecm % SeaurTted 7 MK key 
term ath other land om meres feeng Gemetted wo a mmx tow cuncee | 7 attic 
+ 19 Agpeoxematehs | * pesooee (1 S00 acres) of Ge sctien ant peru & 
ca wm the Propet Arca month ect mwaees (9) poroem) @ Ge (gee Tenge 
Ric amd ( low ( rock wa enc wows fe Gro) anew o O&K dhe 
vere Dero Geaeriaamcc 0! Copetsmer @ tx ectignd amt rue wom Pa 
Pret Arce soe aw @ 8 of x 16 am amore [en chem corm ar 
verter wow Ace & oo pcocr of fx ectland and cpr woe Mm Om 
(reek wh emer | acto of Ge octign® anf cps woe of Me | PPE 
Tomgeac Rc wie morn amd tee smmumm ow fh othe efhoct «im 
emerntedk (Tate 4 18) Dewees: soe) cote © fe aoe 
emer oc Ta bey tome fer we ewer eTCOTRAge. ane mh emai” oee 6 
Lom tua Tk dhe acre Gnautnemoe be ctlamd and epee ace. Th & cota 
and Qe moe ceed w ot Geetha? wo the beg tere on th Prem: 
Aeoe wasl © 6 memcom UN acers) aimee commer wm ec mondo sce fe | pe 
Tempe Re ane ( low (rock a merdhed [emer long arn denuthem, 
wow aor &  RemOON ov Se ected anf cq~eu are 6 th lem Te 
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degraded soe structure caused Dy the Regitty soda discharges of produced water 
Addnoral mformanoe oe te effec of an mcreased Schum adsorpour rane on 
souls, agncultural crops. and aamve upland wegetamee cam Oe found ip he xv- 
mens on Sees, Land Use. and Vegetanon. 


The sumbers of well pads and the males of linear facthmes. such a5 roads. pepe- 
fees. and power les. hat my affect wetlands apd npange arc ut ie same 
for Alternates |. 2A. and 28. The effects w wetlands and npanae acas fom 
thew Gachees would Gereforr be De seme for these altermam Aleman 
A aad 2B would eset © woe peruretages aod areal cutent of short- and 
weg arm Srect Qsurtances © ectiyns and Npanae ace a AReraanve | Dut 
would row @ gear Grect Gvowbences than Alternative } The loci of bfter- 
cass @ Grect Gxeeterce wo ectlamd wed opener aces ss 2 mult of ie 
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the region. although effects would iskely be sumalar. Although resource extraction 
and infrastructure construction proyects generally attempt to avow wetlands and 
npanan areas. some types of projects, especially when they are limear, cannot 
aor all umpacts to these sensative resources. 


Much of the discussion of cumulamve effects t vegetanon 1s also relevant w© 
wetlands and mpaman areas. Coal, uranmum, sand, gravel. and scoma muming. 
ramcfung. agnculture. road and railroad consiruction. and rural and urban devel- 
opment are bkely w have some effect on wetlands and mpanan areas via habitat 
loss or degradamen. road development. and water quality Jdegradanon. These 
Types of resource cxuracton and construction would merease in number and fre- 
quency with the PRB commensurate with an crease in the regional popuila- 
nen. More details about cumulanve effects wo wetland mpanan vegetanon are 
included wm the total effects to vegetamen, as shown on Table 4-27 and other sec- 
nens within Chapter + 


Noasous weeds, aor uuitve plants. and exon invertebrates are lkely to mvade 
wetlands and mpanan areas \ia new roads throughout the Project Area Invasions 
by ahem species associated with new roads occurs via the creameon of desured 
baditat Dy aitenmg Cushng cvndimons, reducing Compenhun with agihve species 
Dy stressing of removing then, and allowing casier Movement across the land- 
scape ( Trombulak and Frsse!! 2000) Once nsoxsous weeds and other alien spe- 
ces are mtroduced. « has bestorcaily Deen difficult wm remove them from the 
undscape The effects of mowous weeds and non-native plant species are dis- 
cussed further wm the sector ve \ egetaneon. 


Terrestrial Species 


The pracipal effects w terrestnal wiidhte may clude (!) mereaned direct mor- 
whty (octuding iega! Quntag. puacheag, collszce with power Sines and \ chicies. 
clectracunee ce power limes. and nest loss (2) he @troducher of new Paditats 
~witaic for 4s aan amg mammaihan predators and thus a potentia! SRamygs in pre- 
damon cates ve other wildiefc specees. (3) darect loss of degradsnen of hadutats. 
(4) axdrect Gesturdemce rosuinag from fumaen att) (inching Sarassmeni. 
Septacement. Gy crove from pudic vw prvae lands. some and dust. altered nu- 
mona tats and roprodctye success. and changes im hadetst cffectrveness |. 
|S) hattat tagmenesnee (parncularty Gheowgh cussirachwe of roads). amd (0; 
tame © popuismoe eves The magmenade of effect w wiidhte «ould depend 
oe 2 Sumber of factors imchudamg he aatural bestory charactersins of cach we: 
oe and & rooommended ond rogured mungenen measures. The overall cflers 
“th propped progext oe avidiefe would fc simelar among alterna. dow. 
ower. the magretade of ese cflect would vary along wuth the afferent levets of 
ATL progeescd for ca? alterna c 
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Chapter 4 — Environment Consequences 


@umng the production phase. After the end of the production phase. weil fields 
and ancillary facimes would be removed and disturbed areas would be re- 
claumed. Seed mixes approved by the appropmate agency. many of which are in- 
tended to be beneficial to wild)fe species, would be used to revegetaie aban- 
doped weil! pads and areas occupied by ancillary facilimes. The amount of ume 
these lands are unsuitabie as wildite habitats is vanadie and may depend on one 
or more of the followmg: productive fe span of the weil, success of minganon, 
reciamanon techmques. and local weather cundimons. Reclamanon of habitats 
domunated by grasses and fords is expected to be successful withen several years. 
however. habitats domnated by shrubs and tees may take 8 wo 20 years or more 
w successfully re-establish. Consequently, the disturbance of forest and shrub 
habitats would represent a long-term loss beyond the end of the production phase 
to .pecies that depend vn this vegetanen for forage or shelter In addimen. an un- 
known percentage of roads would not be reclammed, resulvag wn permanent loss 
of wiidhte habitats. 


indirect effects would occur im varying degrees dumng the construction, produc- 
uon, and decommissioning and abandonment phases of the proyect and would 
connnue after abandonment in areas where roads are not recianmed. These effects 
would be the greatest durmg construction, when the haghest level of activity 
would occur. am} would decrease dumng production. Wildhfe may avou areas of 
these actvimes and use other locamons wn response to the increased levels of hu- 
man activity. equipment operamen, vehicular traffic. and noise associated with ail 
phases of the project. This avondance could result in the under-use of otherwise 
suitable habitats. therefore. the effectiveress of these habitats would b smuin- 
ished. The displacement of wildhte from disturbed areas could lead wo ine over- 
use of sustable habitats in undisdurded areas. increasing Competben for |umited 
resources im these areas. Wildhfe distmbdunon patterns could de alte: .d The de- 
gree of habitat avordance would vary Detween species and among indi duals of 
amy specific species. The pettern of development s net known, however, i is 
anncpated that development would occur hroughout te Project Area. dased 
pomarty on the objectives of cach leaseholder Devciopment may of may not 
occur mm an orderty or staged fashion. For thes reason. no attempt has Deen made 
w predict paefterms of displacement or under- of over-use of resources Dy Uib- 
Placed wiidhte 


The effects of hadetat fragmentamon would vary Oy wildlife species. For some 
species, fragmentanon couid result in sudstaanal Gisrupouns of Movement. re- 
duce Commecty it) Detween populanens. and may result in ihe cLorpemen of loval 
pupulanons. For other species. the type and extent of fragmentanon antx pated 
with thes proyect could have so somecesdic effect. The net result of the Opes of 
mpects @scussed above and De Mikractoms among ese Types of impacts 
would vary amoug species. dul for some of Me More smsitlye SEOs May Tull 
im pepudamon Jeclines. 


Vhagasbee measures Gesagned © mine cfiect © wiidhfe eos we pro 
waded af the cad of Chapeer 4. These measures were developed © adkiress the 
more sudstannal cflects that could OCU ‘Tom De prupwsed progext and ew cf- 
fects om the spececs of wridinfe hat are of Ragher mterest oF hat are more ket 
be affected Each of he alterngnves aches mor Gan | 2D wells ha would 
be located ce omy ate lames eh pv ate Temcras VMingamor mowsure. Jontaened 
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wm ts document would be recommended. but BLM could noi require Mew um- 
piementanon, for these wells. This lack of required mimgamon measures on pn- 
vate lands was taken mto account im the pact assessment for cach species or 
group of spenes discussed below. 


Wildtife Habitats 

The direct, indirect. and cumulanve impacts to the vegetanon types that provide 
habitats for wildhfe are discussed in the sector vn Vegetabon in Chapter +. One 
of the umpacts of the proposed project on habitats would be an increase wn density 
of roads. Table 4-28 shows the proposed increase in demsity of roads under cach 
alternanve and the cumulanve (cuustuing and proposed) road density for cach subd- 
watershed. The specific effects of this change wm density of roads are discussed, 
where applicable, for cach species or group of species Delow. 


Big Game 


Direct and indirect effects to Dig game and their ranges would occur as a result of 
achvines prop. sed under cach alternamve Direct effects to habitats that would 
result from consiruchen of CB’ — ails, compressors, noa~CBM wells, and other 
fachmes were esomated by appiving facility-specific disturbance factors (Chap- 
ter 2) w the proposed number of cach type of factiity. These facsity-specific ds- 
turdances were then summed and used to estiomaie the number of acres that would 
be direcths disturbed for cach range Ivpe Dy surface owner and sud-watersfed. 
Disturbance acres trom water handling faciiimes were esomated for direct distur- 
bance 20 Diy, game Dy sud-watershed. Other direct effects are discussed qualita- 
mvely 


Table +23 = Prepesed and Cumulanve Road Deasity by Sud- Watershed 
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indarect - fects w dig game are generally weaeed quaiitanvely. except tor he Uis- 
cussuom of baditat effecnvemess and road demsity it fas Deen weil Gocumeny 
(fer example. by Rost and Barley | 97S. Ward | 97) that deg game species reduce 
thew use of haDitats that are acur human disourbemce. Areas of Daditat thal are 
avouded Decause of Ruman 2 .DVies of Me Consequences of human act Vimes are 
iss offer ve af supperney pupulamers of hy game. Ag commie of ie euUCDUR 
ww hadetat effeceveness by sud-waterstied ss shown ow Table + 29 for cach ng 
game species that would de affected Dy the proposed proyect. The area sudyect © 
thes umpect is net lost w cach species, but Hew use of es areca ss reduced Dy 
some umipown amount that depends om many “actors sah a De spamal and 
temperat s ae of Me disturbance. natural bestory Charactemsaes of cach species. 
ang the ha Quaner of individual animals W cach pe of Gsturdemx An acu- 
rafe assess emt of he potenmal rmeducbee in hadetar cffecnvemess 5 not possidic 
withut Kmowledge of the spamal locamer of propused Saoities. especially coeds 
(Lyon (983 Because Re spunal locamer of he propused facies © aot Known, 
sanoier meuoure of invirect umpacts. road demsety. was also somated.  ds- 
cussed ade: Road demuty s related w badetat cffechvenrmss apg proves 3 
quod measur > for Somanng indirect effet w eg game (Rowland ct ai SUUU). 


Table +-29 Estimated Reduction im Big Game Habitat E Mectivear-~ 
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Several assusmpoons sere cunde for cach memour Mal was Uescioped The reoua- 
nee @ Radetar cflechvemess was cstmated Oy Suffermmy ail propused coads 2 
cach aa watersted bv 2 peces-seciik Gsnetunce Guim mph «oA? 
Geos o© caf wh seaterfed ser assumed © Xow IP propermwe [co Oke umwun! 
ot Ge watered tat s etter De overall range of Me Meow. Ta: wiwount 
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of the coducter that would De actDutadic Ww weil Daub. roads. and Compres: UF > 
aikety overes@maied singhtiy Oecause of Me vveriap of Duffers ofere roads are un 
im Radvtat cflecoveness Ral might vocur as 4 result of waier Dandhing facies. 
ot amd gap coads were propesed @ verse propurbor Ww Me prem: of SUusmag 
ruads om cach sud saiersied | Calculate custing Jemeity of oi) and geo roads ‘hat 
Rave WO eeM mapped. 


Several of the direct and abecct effects w Og game would cur dependently 
of @e speceess @ quesmer and ave Gscussed dere For several species. specific 
fret and indirect effects of Cumcem were dmofied and are Jiscuesed in Me w- 
Que le cace enies hat follows Wes general Giscusswwoe of cflects lo eg game 


ATternacve ' 


sureng and -cacmng 

Viamy oles of oew roads would Oc CuMstrcted & pa of Me proposed project 
(Table 2 5) These coeds would prove mcreased access & Doth public and pr- 
vate Gems om he Propet Aree Because of Ms creased Ao. legal bunong 
pecssure and pwactemg way mtemsely imcrewed goo w& pudix lands would 
augmmcmt usc Oy Rumters of ese areas. however ume reused Goo for Rumtinyg is 4 
managemem goal for many berd umets (WGFD 00Ue 200) Pry ate landown- 
om would Cveteue & cvMtrol aooess &. and huntag ve, split tate lands. Never- 
Melee. wome were w He leve! of pwacteng may OCvur Decause of the sparsely 
popudaacd cature of Me Progect Area. Ths effect s expected © hove mnumal um- 
pact of Deg game Decause of the lagh propernes of prevate lany’s where sew pud- 
ie coos would aot Oe created. 


Vem COMBOS 

inoreused «ettecle waffic © ammoipeted w asseciamee with ai! phases of Me pro- 
ext The pvtremal for weitcte collsem wrth Dg game would Ox directly Corre: 
sod «0th Sc volume of traffic The votume of propect reiated traffic & capected 
w Ow yeu! Geong he constructwe phuse and w gradually wim Juring ie 
priate we docvmmeswwemyg and adendvement phases. Speed mts «1 for 
pre t comes would code De poten@al tor cuiliszoes. Roweser Most ovilisioMs 
ook ot cuunt reels and agiways. where speeds are Ry cer and are regulated 
hy Ge stems. gor ct. =| Owerall, a 25 percent of more merease w waflic o anmer 
pated. «tec > me, ioswit we adebmenal Codlsuens Deteoen Dig game and vehicles. 


Lot. or Ox predate. of Meaddats 

Ha*sat loss. aaecated woth Comsiructer and operamer of facies would (sult 
> Qvwcton of svaadle forage and other Radast Components oo ae affected 
zc «a Ste = Redetets hat woeld be West are Gscussed fr cach species dew 
bebe apecmt w ances that ae Grectly Gsmarbed would be affected by 
arn it - cretanon. inciuhag We potennal invasion of mOWOUS weeds Altera- 
tow. \e egal processes. such as the fire regumre. mary also affect hadetat com- 
poneat: Wa ex poctam to beg gmae The cut locator and comerranen of 
thes effect would vary depending ve He Umrans sod cutee of dev ciopment Dut s 
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face * amcth comedian’ Gx NPDES pereemmy proces Decturged «mc 
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The Gstnitwor of ciunsting water rosowrom combned with thc ace wsicr han 
dung factines would not result m concemtranens of eg game on other wridiiic to 
the extent that = would be detrimental te wiidiite (for crampic & promoting thc 
spread of drscasc) or wiidiiic habntats (for crampic through ov cr-use of forage | 
Although water-handling faciitncs would not be specificall) micnded for usc | 
wiidhfe of lwestock. factimes that are not fenced to cxctude wridiiie and hve. 
stock would be designed and constructed to prevent entrapment or drow ning 


Harassment anc Drsplacernent 

Big game could be temporanty displace from habertats im arcas of human acti - 
tty The extent of displacement would depend on the presence of the animals. 
duranon and mtensity of the activity. and the sensitivity anc habituation to drs- 
turbance of individual ammma!s (onstruction may result in displacement from 
affected habnats during the entire construction phase (a time frame of weeks to 
months). whereas production could result in displacement only during wel! visits 
(a ume frame of hours) When they are displaced. individual animals would 
move to other adjacent habitats bul may encounter competition for resources 
Resources m avoided areas may be under-used. while resources could be over- 
used im areas where displaced animals take refuge Displacement during the con- 
struction phasi: may alter patterns of habitat use and movements for indrvidual 
ammals, but would result in only minimal disruptions of seasonal habitat use or 
movement for entire herds because of the large areas occupred and the scattered 
nature of development. Displacement during the production phase would result m 
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uss om vopetmtece Jan afte © vopctsmor health sutrborn anc paistatelt Thcw 
effects arc typacall) mow severe emmodumecth adsacen! © rand fet can cutend 
@p wo 0S mmeic pea, \ cpetator author tee aroa ropececnts 2 reiztrvet) small 
Propertom of thc tote svasistic forage «uthen a tvpacal tag game range Habetsts 
ahomg roads arc svended because of the drsturbence caused fh veteck aff 
therefore thc low of forage pragectr it) attrvbutabie to due would have only 
menemal cffects om teg game becausc thr forage ns tvpecalh under-used 


Nutriona Status anc Reproductwe Success 
indrvedual arumais would cupend additonal cmergy im reacting to drsturhances 
through phvwotogical respomsecs (increased hear ratc) and phwecal responses 
idesplacement) (Gerst |978%) They would also hawe to move farther across the 
landscape to cncownter the same amount of forage because of direct habitat lows. 
All of these factors have the potential to result m decreased nutriponal status (for 
cxampic. lower body fat) partcularty durmg stressful penods of m ranges with 
poor quality and avarlatility of forage (Hobbs 1989) Increased stress ievels and 
decreased nutripona! status have the potential to result in decreased reproductive 
success (Yarmoty ct al !988) Decreased nutriponal status reduces the ability of 
pregnant and lactating does and « »ws to provide the nutron ther fawns and 
calves need. which can lead directly to mcreased mortality of fawns and calves. 
Drsplacement can lead to separation of fawns and calves from does and cows. 
increasing mortality of fawns and calves through decreased nutritional status and 
mereased predanon This consequence may affect mdrvidual animals or entire 
herds i areas of concentrated development and activity. or during penods of cx- 
treme stress. such as during a particularly cold and snowy winter 


Habitat Fragmentation 

The pattern of well development for the proposed proyect would result in some 
degree of habstat fragmentation throughout the Proyect Area The effects of hab- 
tat fragmentation and the subsequent sustability of big game ranges would de- 
pend upon several factors. includimg current range condition. carrying capacity. 
current population levels. species habitat requirements. degree of disturbance. 
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ARernstve 24 
Ueder Alernstree 2A. the mungmemede and type of cfflct: would be mle we 
those prescvted umder Altermatrec oo ew tir crcepmor of Tx Jomtntumer 
ouaurtance awscusted «wth proposed «ater handing facet. A crm | | 
and iffer onth © the propormor of the vance este Nandiemg Tet = 
thew assacusted Geturhances Agproummct) 628) acre: eowkd Me rte 
water handimg fecilemes wader thes sitermstwe (Tadic > 23) am morcewe of “ 
percent ower the water handing dreturfance awuncusted wath A Merman 


Anwernstve 28 

Under ARernsnwe 2B. the mageetude and type of effect: would Dc ume & 
those presented under Altermatwe | with ie cucephor of Mr Comtntumor 
desturbance assocuated «wth proposed water handling facies Altermatnc oH 
and differ onty mm the propevbor of the vanow eatc’ Nandimmg mcthah mmc 
ther associated drsturbances Approumstct) §2.64) acres wowkd fe desturted 
water handing fectimees under thes alternative (Table 2 25) am mcreaw of 2! 
percent over the water handlung drsturbance assocested «th Altcrmatr< — 


Afernatve 3 

Under Alternatrve 3. the types of cffects to tug game would be samelar w thoer 
presented for Alternatrwe | The magnetude of these cffecs would & whtan 
nally smalicr however Alternstrve } would result m the dreturfemce of {6 ner 
cem of the amount of widife habuats (Table > 32) that would be affected under 
Alternatrves |. 2A. and 2B because the weal number of acw wells would be re- 
duced to 40 percent (Table 2-29) The effects from water handling would be cs 
sentially the same as were discussed for Alternative | however the magntudce > 
these effects would be smaiier Approumately || 68) acres would be desturbed 
by water handling facilmes under thes alternatrwe (Table > 32) a decrease of 
S* percent from the water handling drsturbance associated with Alernat<c | 
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Sapte, 4 — = wwonmenta: Consequences 
Table +32 Direct Shert-term and Long-term Effects to Pruaghern Ranges by Surface Owner — Alternative 3 


eee cere 
Surface Owner (acres) 
BLM 
BFO CFO FS Siate Private Total a 
Short Lomg Short Long Shot Lomg Shot Long Short Long Short Long 
Range oie tm tem tm item tem item item item tm i. itm 
Crucial Winter Y cariong 0 0 0 0 0 0 0 0 0 9 0 0 
yevere Winter a) 0 0 0 0 0 0 0 3 Z 5 y.. 
Spnng, Summer. Fail 0 0 0 0 0 0 0 0 — < 56 % 
winter 0 0 0 0 0 0 220 9 ae "Od 387 
Wimer Y cariong Q 0 0 0 16 40 S2ti‘iz« Ci‘ OCICS TG 
Yeartong : ? 0 0 7 ee ee ees ee 
Total 3 Z 0 0 1.161 +m) 9.741 3667 36.32% 21442 67,729 25,55! 
+ 19! 3 PRB O & & FEIS 
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Table 4-33 Direet Shert-cerw aad Long-term Effects to Proaghers Ranges 3y Sa®-eaters2et — terezie 5 


( 
I 
| 


Y cartong Severe ‘A unter -) inter Winter  cartong — _aony "to 

Sul _ Shot Long Shot Long Show Lome Stor Lome Stor om “or Lop Ser tome 

“mite: “« em‘tim _ ge c= ie ‘erm em —_—_—e eo : 
Lute Baghorn River a ) 0 0 0 0 ) ) ) a P) 5) a) ’ 
Upper Towgue Ry + J 0 0 i) a 0 0 a 405 4! ee. ee ee 
Middle # ork Powder River 9 0 0 0 0 G 0 3 ; ? ; 2 7 4 
North Fork Powder River 0 0 i) a 9 9 0 a 0 ” o o o : 
_pper Power River 6 0 9 0 0 0 SS mw S255 1959 se les wee a 
South Fork Powder River % oD) 0 0 0 a 0 a 0 a ’ ? , : 
Sait (Creek 0 0 G 0 5 5 a) 0 ine 4) 2s ww me - . 
Crazy Woman (reek 0 0 0 0 a 0 a 0 a 0 7s te 6}N CU 
Clear Creek 0 0 0 a 0 i) 0 0 | 441 $20 S78 2868 7125 oe 
Viddle Powder River 0 0 ) 9) $1 2 a) 16 0 a) a ia $21 3 
Little Powder River 0 0 0 0 0 v0 2a we Lee Le 5 ise USM UL 
Little Missour: River 0 0 0 0 0 0 9) 0 0 0 wo oo wo % 
Antelope C reek 0 0 0 0 0 0 0 0 | 9% aT 27 +4508 a |e 
Dry Fork Cheyenne River 0 0 3 2 0 Q 0 n) 7 a w 2» om w 
Upper Cheyenne River 0 0 a) 0 0 0 0 0 O82 257 'S2 ~ 6 61 4 oo) 
Lightming (reek 0 0 0 0 0 0 0 0 ; 7 61 $2 ~” a) 
Upper Beile Fourche River 0 0 0 0 0 a 0 o 670 3798 475 i788 M45 55% 
Middle North Ptatte River 0 0 0 0 0 0 0 0 w 26 17 \4 a7 “wy 
Tow 0 0 3 Z xo 26 = 6337) 620748 6846506=69645 35S 1667S =2677 = 15,55! 
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Table 4-34 _— Direct Short-term and Long-term Effects to White-tailed Deer Ranges by Surface Owner — Alternative | 
Surface Owner (acres) 
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Table 4-35 Direct Short-term and Long-term Effects to White-tailed Deer Ranges by Sub-watershed — Alternative | 
Ce a a aE ae a a a Sa TE eT a a 


Range (ares) 
* miter Y cariong Y cartong Total 
Little Bighorn River 0 0 s 7 ’ 7 
Upper Tongue River 0 0 2.880 1,062 2380 1.062 
Middle Fork Powder River 0 0 5 ? ® 7 
North Fork Powder River 0 0 0 0 0 0 
Upper Powder River 0 0 2.062 744 2.062 744 
South Fork Powder River 0 0 3 2 5 2 
Salt Creek 0 0 0 0 0 0 
Crazy Woman Creek 0 0 o3 22 os 222 
Clear Creek 0 0 2.717 9% 2.717 9% 
Middle Powder River 19 16 +6 19 oe we 
Little Powder River 0 0 | 060 626 | O60 626 
Little Missoun River 0 0 0 0 0 0 
Antelope Creek 0 0 2% 86 2% x 
Dry Fork Cheyenne River 0 0 6 5 6 5 
Upper Chey -nne River 0 0 0 0 0 0 
L‘ghtning Creek 0 0 0 0 0 0 
Upper Belle Fourche River 0 0 Iti 60 ttt 60 
Middle North Platte River 0 0 0 0 0 0 
Total 19 16 9,780 3,776 9.300 3,793 
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Popuiaton Effects 

The ctfects of fc propencd prosec! om puguiamom “ eftec-usked dccr ae Sth 
wilt w predict Decause of ic Tuam) umkauen factor asocusted eth cack of tir 
poecnnai cfhec> and the poteminai for 2 syacTgmia rcigbomsfe> among De mb 
veduai cffecs The moderae «ake and eadewpeced aature of Gx anhcapeted =m 
pact. paracularty © terms of muircct ampacts sugges fat wen doch «2 
_epulsnbors of wtwc-tasked dect may occur The degree of ths eetcumai doch 
S sof known, Dut s aot hcl wo occur w the evtent that veadelty of the popula 
poe of white-taked oc =. Wempromrscd m tie Propect Arca of across ie range 
of the Mons &» 2 whole 


Alternate 2A 

Under Akernattwe 2A. the magnetude and types of cffects would De samular © 
those presented for Alternamve | with the cxucepnon of the contmbunon of ds- 
turbance associated with proposed water handling tactiies Alternanves 2A and 
| differ ont. im the propornon of the vanous water handhng methods and thew 
associated disturbances. as discussed for Deg game species above 


Alternative 28 

Under AlRternanve 2B. the magnitude and types of effects would be samilar w 

those presented for Alternative |. with the exception of the contmbupeon of dis- 
| | doffer only in the propornon of the vanous water handling methods and thei 
associated disturbances. as discussed for beg game species above: 


Alternative 3 

Under Alternative 3. the types of effects to whute-tasled deer would be sumular wo 

those presented for Alternative |. The magnitucc of these effects would be sub- 

stantially smaller, however. Alternamve 3 would result m the disturbance of 
) 78 percent of the amount of white-tailed deer habrtats that would be affected un- 
| der Alternatives |. 2A. and 2B. because the total number of new wells would be 
reduced to 40 percent (Table 2-29). Table 4-36 and Table 4-37 show estimates 
of disturbance to white-tarled deer ranges for ARernanve 3 by surface owner and 
sub-watershed. Each of the effects discussed for Alternative | would still occur. 
however, fewer individual white-tailed deer would be affected and any effects on 
herds would be reduced The effects from water handling would be essenually 
the same as were discussed for Alternative |. however. the magnitude of these 
effects would be smaller. as discussed for big game species above. The overail 
effect on populanons of white-tailed deer m the Project Area would also be re- 
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Tate +37 = Darect Short-term sad Lcag-term Effects te W tite-costed Deer Ranges by Yad stershed — Alievandive 5 


Winter \ carton Tord 

Sal _ hor Lomg L eg ~oor Lomy 

om Tm 2m ‘orm cm 
ofthe Baghorm sOvcr ) 7) : ? s ? 
Upper Tomguc River y) ) U7 | 3 LM | 030 
Vaddie Fork Powder Rivcr 0 G > 5 ° ; 
‘North Fork Powder Riwer 0 9% 0 0 9 0 
_pper Powder River 0 a) 1205 Inked 20s bs 
South Fork Powder Riwe: 0 0 ; 2 ; 2 
Sait Creek 0 0 0 0 0 0 
Crazy Woman Creck 0 ) 314 iti 34 it 
Clear Creek 0 0 2.45 a32 2.4058 $32 
Vidddle Powder River 1] ’ is ° » 16 
Lutte Powder River 0 0 665 — oS 7 
Luthe Missoum River 0 0 0 0 0 
Antetope ( reek 0 9) i093 {© 103 ) 
Dry Fork Cheyenne River 0 0 3 Z 3 Z 
Upper Cheyenne River 0 e O 0 0 u 
Lighting C reek 0 0 0 0 0 0 
Upper Belle Fourche River 0 0 s2 4! 82 4! 
Viddle North Platte River 0 9 0 0 0 0 
Totai il a 7,610 2364 7,621 2374 
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Loss or Degracaton of “aosats 

Appromumatet) | 4.) 33 acres of muse deer ranges would Oe disaurted dunmg ie 
ile of ae pengest ends Amman | (Table 4-38 and Table 4-3) Ths eeage 
represents singhtiy less than - percent of the toni amount of ranges in he Progect 
Area. Singhtfy (css than © percent of winter-ycariong haditat would Dx squrded 
durmy the infe of he proyect. Two percent of vcartomg range would de disturded. 
Oniy one-tenth of | percent of spmmg. summer. and fail range would be dsturbed 
under Altermamve = These sumages represent ‘ie maximum disturbance that 
would occur dummg the infe of the proyect The amount of unreciammed disaur- 
C.ace af amy Ome Jumng project impiementanon would de less than these ssn- 
mates. Decause 2 acw areas are Uisturded Ov development. other areas would De 
undergomy intenm reciamation after devciopment is compicted. 


“aodtat Effectiveness 

Each of the direct and indirect effects discussed above would reduce the abdelity 
of habwtats to support mule deer Exismng literature was used for the analysis of 
hadutat effecnveness (Rosi and Barley (979). winch shows that mule deer reduce 
thew use of hadrtats within one-<rghth mile of disturbance. Tabie +28 shows the 
esamated reducnon in habitat effectveness for cach alternamve Based on this 
reduction. the proposed proyect would cause a decrease in the effectveness of 
habitats im the Project Area for mule deer. which may result in a decrease nm the 
dopuianion 

Populaton Effects 

The effects of the proposed proyect vn mule deer populanens are difficult tw pre- 
dict because of the many unknown factors associated with cach of the potennai 
effects and the potennal for a symergrsne reiamenship among the individual ef- 
fects. The large scale and widespread nature of the anncipated effects _ parncu- 
larty im terms of indirect effects. suggest that some deciimes in mule deer popula- 
nems may occur. The degree of this potential decline is net known, but is not 
likely to occur to the extent that viadelity of the mule deer popuianeon is compro- 
mused im the Proyect Area or across the range of the species as a whole. 


Alternative 2A 

Under Alternamve 2A. the magnitude and types of effects would be sumilar to 

those presented for Alternamve |. with the excepvon of the contmbunon of dis- 

| differ only in the propornon of the vanmous methods used to handle produced 
water and the associated disturbances, as discussed for big game species above. 


Alternative 28 

Under Alternative 2B, the magnitude and type of effects would be similar to 
those presented for Alternative |. with the excepnon of the contnbunon of dis- 
| differ only in the propornon of the vanous water handling methods and their 
associated disturbances, as discussed for big game species above. 


PRB O & G FEIS + [98 
[® 


BEST COPY AVAILABLE 


BLANK PAGE 


Surface Owner (acres) 
BLM 
BFO CFO FS State Private Total 

Short Lomg Short Long Short Long Short Long Short Long Short Long 
Range term term tem tem tem term term term term tem tem tem 
Spnng, Summer, Fail 5 5 0 0 0 0 0 0 T 9 17 14 
Winter Y eariong a oe 9 377-467) = S002) ssi 89T «= S369 «19.204 ~=68804 26,367 
Y cariong 5,605 2.104 25 2! 1.256 483 3,060 1,182 55,367 20,924 65,313 24,715 
Total 18,456 6,399 36 31 1,832 950 8,062 3,079 105,748 40,137 134,133 351,096 
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Table 4-39 _ Direct Short-term and Long-term Effects to Mule Deer Ranges by Sub-watershed — Alternative 1 


Range (acres) 
___ Spring, Summer, Fall Winter Yearlong Yearlong Total 
Sub-waterehes Short term Longterm  Shortterm Long term Short term Long term Short term Long term 
Little Bighorn River 0 0 14 12 0 0 14 12 
Upper Tongue River 0 0 7,428 2,688 22 19 7,450 2,707 
Middle Fork Powder River 14 12 52 45 0 0 66 56 
North Fork Powder River 0 0 0 0 3 2 3 2 
Upper Powder River 0 0 33,032 12,014 20,650 7,515 53,682 19,530 
South Fork Powdei River 0 0 6 5 3 2 8 7 
Salt Creek 0 0 992 358 169 72 1,161 430 
Crazy Woman Creek 0 0 8,249 2,293 3,125 1,096 11,374 3,990 
Clear Creek 3 2 10,802 3,823 1,029 372 11,834 4,198 
Middle Powder River 0 0 2,416 1,013 807 327 3,224 1,340 
Little Powder River 0 0 4,667 2,925 8,197 3,472 12,863 6,397 
Little Missouri River 0 0 259 221 0 0 259 221 
Antelope Creek 0 0 803 298 19,566 6,976 20,369 7,274 
Dry Fork Cheyenne River 0 0 36 31 99 85 135 115 
Upper Cheyenne River 0 0 0 0 1,159 476 1,159 476 
Lightning Creek 0 0 14 12 121 103 135 115 
Upper Belle Fourche River 0 0 6 5 10,289 4,133 10,294 4,138 
Middle North Platte River 0 0 30 26 74 63 105 89 
Total 17 14 68,804 26,367 65,313 24,715 134,133 51,096 
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Alternative 3 

Under Alternative 3, the types of effects to mule deer would be similar to those 
presented for Alternative 1. The magnitude of these effects would be a lot 
smaller; however. Alternative 3 would result in the disturbance of 38 percent of 
the amount of mule deer habitats that would be affected under Alternatives 1, 2A, 
and 2B, because the total number of new wells would be reduced to 40 percent 
(Table 2-29). Table 440 and Table 4-41 show estimates of disturbance to mule 
deer ranges for Alternative 3 by surface owner and sub-watershed. Each of the 
effects discussed for Alternative | would still occur; however, fewer individual 
mule deer would be affected, and any effects on herds would be reduced. The 
effects from water handling would be essentially the same as were discussed for 
Alternative 1; however, the magnitude of these effects would be smaller, as dis- 
cussed for big game species above. The overall effect on mule deer populations 
in the Project Area would also be reduced. 


Elk 
Alternative 1 


Loss or Degradation of Habitats 

This analysis applies primarily to elk and elk ranges that occur within the Fortifi- 
cation Creek area in the Upper Powder River sub-watershed. This area contains 
several overlapping elk ranges and is expected to experience disturbance from 
the construction and operation of CBM wells, non-CBM wells, compressors, and 
water handling facilities. Elk ranges exist outside of the Fortification Creek area 
along the southern and western boundaries of the Project Area but would be dis- 
turbed only by the construction of non-CBM wells. The total disturbance in these 
ranges outside of Fortificat‘on Creek would be 160 acres out of 610,000 acres of 
ranges. These disturbances are presented in Table 4-42 and Table 4—43 for sur- 
face owner and sub-watersheds. The level of disturbance to elk and their ranges 
outside of Fortification Creek would not result in detrimental effects to seasonal 
habitat use, herd movements, or herd condition because of the small proportion 
(less than one-tenth of | percent) of habitats that would be disturbed. 


There are approximately 122,931 acres of elk ranges in the Fortification Creek 
area. Because of overlap, it is not appropriate to sum the totals of each range to 
estimate the total acres of range within this area. Crucial winter, parturition, win- 
ter yearlong, and yearlong ranges occur with varying degrees of overlap in the 
Fortification Creek area. Estimated disturbances to each range type within the 
Fortification Creek area are presented by surface owner in Table 4—44. All dis- 
turbances to the Fortification Creek area would occur in the Upper Powder River 
sub-watershed. The greatest proportion of disturbance to a single range type 
would be 4 percent for yearlong range. Approximately | percent of crucial winter 
and parturition ranges and 2 percent of winter yearlong range would be disturbed 
over the life of the project. These estimates represent the maximum disturbance 
that would occur during the life of the project. The amount of unreclaimed dis- 
turbance at any time during >roject implementation would be less than these es- 
timates, because as new areas ore disturbed by development, other areas would 
be undergoing interim reclamation after development is completed. 
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Surface Owner (acres) 
BLM 
BFO CFO FS State Private Total 

Range Short Long Short Long Short Long Short  Loag Short Long Short Long 

term term term term term term term term term term term term 
Spring, Summer, Fall 0 0 0 0 0 0 0 0 6 5 6 5 
Winter Yearlong 3 2 0 0 63 Ms 4.360 1838 21,578 S.13t 26,504 10,025 
Yearlong 0 0 0 0 72 32 2,922 1122 21,230 8,037 24224 9191 
Total 3 2 0 0 136 86 7,783 2,959 42813 16,173 50,734 19.220 
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Table 441 Direct Short-term and Leag-term Effects to Mule Deer Ranges by Sub-watzrshed — Alternative 3 
a a A I OSI 


Range (acres) 

Spring, Summer, Fail Winter Yeariong Yeariong Total 
aeunaes Short term Longterm Short term _Longterm Shortterm Longterm Shortterm Leng ter~ 
Littie Bighorn River 0 0 14 12 0 0 14 12 
Upper Tongue River 0 0 6,579 2,372 17 14 6,595 2,386 
Middle Fork Powder River 3 2 19 16 0 0 22 19 
North Fork Powder River 0 0 0 0 0 0 0 0 
Upper Powder River 0 0 7,0t1 2,557 5,205 1,921 12,216 4,479 
South Fork Powder River 0 0 6 5 3 2 8 7 
Salt Creek 0 0 458 162 104 41 562 202 
Crazy Woman Creek 0 0 2,409 S41 1,320 465 3,729 1,306 
Clear Creek 3 2 7,336 2,605 704 255 8,092 2,363 
Middle Powder River 0 0 285 134 265 1ts 550 249 
Little Powder River 0 0 1,879 1,083 3,040 1,264 4,919 2,347 
Little Missouri River 0 0 91 73 0 0 91 78 
Antelope Creek 0 0 322 120 7,354 2,605 7,675 2,724 
Dry Fork (Cheyenne River 0 0 14 12 30 26 44 38 
Upper Cheyenne River 0 0 0 0 344 235 346 235 
Lighting Creek 0 0 - 5 63 54 69 59 
Upper Belle Fourche River 0 0 6 5 5,550 2,173 5,555 2,177 
Middle North Piatte River 0 0 22 19 25 21 47 40 
Total 6 5 26,504 10,025 24,224 9,191 50,734 19.220 
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Table 442 Direct Short-term and Long-term Effects to Elk Ranges (excluding Fertification Creek) by Surface Owner — 


Alternative | 


Surface Owner (acres) 


Private 


Crucial W inter 


19 


Crucial Winter Y eariong 
Spring, 


W inter 


. Fall 


it 


107 
160 


S$ 


Winter Yeariong 
Yeariong 


Total 


19 16 
21 


12 
12 


14 
14 


136 


12 


14 


12 


14 
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Range (acres) 


Crucial Winter 
Short 
term 

0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 


Table 4-43 Direct Short-term and Long-term Effects to Elk Ranges (excluding Fortification Creek) by Sub-watershed — Alternative 1 


| 
| 
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Table 444 _—— Direct Short-term and Long-term Effects to Elk Ranges (Fortification Creek only) by Surface Owner — Alternative | 
Surface Owner (acres) 


BLM 
BFO CFO FS State Private Total 
ied Short Lomg Short Long Short Long Short Lom Short Lomg Short Long 
ad term term term term term term term term term term term term 
Crucial Winter 3s 0 0 °) 0 74 28 S78 26 $35 0-313 
Parturition 649 «(240 0 0 0 Q 119 45 m3 wm tam = 
Winter Yearlong 1,038 375 0 0 0 0 252 o 2050 388 2342 854 
Yearlong 1963 8=«717 0 0 0 0 327 0 Ss oanSsiRDCGCs«CSSCCi SOD 
a eee a TE TE 
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Habitat Effectiveness 

Each of the direct and indirect effects discussed above would reduce the ability 
of habitats to support elk. Numerous studies suggest that elk move considerable 
distances to avoid disturbance (Cole et al. 1997, Edge and Marcum 1985, Lyon 
1979, Perry and Overly 1976, Rowland et al. 2000, Ward 1976). Existing litera- 
ture was used in the analysis of habitat effectiveness (Lyon 1979, Ward 1976), 
which shows that elk reduce their use of habitats within one-half mile of distur- 
bance. Table 4-28 shows the estimated reduction in habitat effectiveness for each 
sub-watershed by each alternative. Based on this reduction, the proposed project 
would cause a moderate decrease in the effectiveness of habitats in the Project 
Area for elk, which may result in decreased population. The effect of oil and gas 
development may be more severe within herd management units that support elk 
populations that are at or near carrying capacity. 


Population Effects 

The effects of the proposed project on elk populations are difficult to predict be- 
cause of the many unknown factors associated with each of the potential effects 
and the potential for a synergistic relationship among the individual effects. The 
moderate scale and spatially limited nature of the anticipated impacts, particu- 
larly in terms of indirect impacts, suggest that some declines in elk populations 
may occur. The degree of this potential decline is not known, but is not likely to 
occur to the extent that viability in the elk population is compromised in the Pro- 
ject Area or across the range of the species as a whole. 


Alternative 2A 

Under Alternative 2A, the magnitude and type of effects would be similar to 
those presented for Alternative 1, with the exception of the contribution of dis- 
turbance associated with proposed water handling facilities. Alternatives 2A and 
| differ only in the proportion of the various water handling methods and their 
associated disturbances, as discussed for big game species above. 


Alternative 2B 

Under Alternative 2B, the magnitude and type of effects would be similar to 
those presented for Alternative |, with the exception of the contribution of dis- 
turbance associated with proposed water handling facilities. Alternatives 2B and 
1 differ only in the proportion of the various water handling methods and their 
associated disturbances, as discussed for big game species above. 


Alternative 3 

Under Alternative 3, the types of effects to elk would be similar to those pre- 
sented for Alternative 1. The magnitude of these effects would be considerably 
smaller. Alternative 3 would result in the disturbance of 16 percent of the amount 
of elk habitats that would be affected under Alternatives 1, 2A, and 2B, because 
the total number of new wells would be reduced to 40 percent (Table 2-29). 
Table 4-45 and Table 446 show estimates of disturbance to elk ranges for 
Alternative 3 outside of the Fortification Creek area by surface owner and sub- 
watershed. Table 4-47 shows estimates of disturbance to elk ranges for Alterna- 
tive 3 in the Fortification Creek area by surface owner. All disturbances to the 
Fortification Creek area would occur in the Upper Powder River sub-watershed. 
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Table 4-45 _ Direct Short-term and Long-term Effects to Elk Ranges (excluding Fortification Creek) by Surface Owner — 


3 


Surface Owner (acres) 


BFO 


Os 


iw) 


16 
28 


14 19 
33 


24 


17 
28 
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3 


Range (acres) 


Table 446 _ Direct Short-term and Long-term Effects to Elk Ranges (excluding Fortification Creek) by Sub-watershed — 


Total 
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di 
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Sub- 


Clear Creek 


Midd'e Powder River 
Little Powder River 


Little Missoun River 


0 
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Table 447 Direct Short-term and Leag-term Effects to Elk Ranges (Fortification Creek only) dy Surface Owner — Alternative 3 


Surface Owner (acres) 


BLM 
Buttalo FO Casper FO FS State Private Total 

iinee Short Lomg Short Long Short Long Short Long Short Long Short Long 

term term term term term term term term term term term term 
Crucial Winter Range 0 0 0 0 0 0 74 28 45 18 120 46 
Parturition 0 0 0 0 0 0 119 45 34 15 154 60 
Winter Yeariong 0 0 0 0 0 0 252 91 85 32 337 «1{B 
Yearlong 0 0 0 0 0 0 327 18 40 366—(ité«CS 693 20 s«253 
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Each of the effects discussed for Alternative | would stz:!! occur; however, fewer 
individual elk would be affected and any effects om herds would be reduced. The 
effects from water handling would be essentially the same as were discussed for 
Alternative |; however, the magnitude of these effects would be smailer, as dis- 
cussed for big game species above. The overall effect on elk populations in the 
Project Area would also be reduced. 


Moose 

Under each of the four alternatives, activities associated with the project would 
not affect any of the five moose ranges that occur in the Project Area and are not 
expected to have any effects on individual moose or moose populations. 


Cumulative Effects 


Implementation of each of the alternatives would contribute to cumulative effects 
to big game species in the Project Area. Cumulative short- and long-term distur- 
bance to big game species by alternative and sub-watershed are presented for 
pronghorn in Table 448, for white-tailed deer in Table 449, for mule deer in 
Table 4-50, and for elk in Table 4-51. The cumulative effects are presented as a 
percentage of the amount of habitats for each species in each sub-watershed. Ex- 
were included in the calculations. For water handling disturbance, an assumption 
was made that each big game range wouid be disturbed in proportion to its extent 
in each sub-watershed. Additional oil and gas development (conventional and 
CBM) may occur later beyond the level of development considered in this analy- 
sis. The data for Alternative 3 do not include potential new federal wells that 
would be developed in response to drainage caused by production on adjacent 
state or fee minerals. Other activities that contribute to cumulative effects to 
wildhfe in the Project Area include coal mining; uranium muning; sand, gravel, 
and urban housing development. The cumulative effects of these impacts on 
wildhfe habitats are discussed in the section on Vegetation. 


The total acreage affected by development of CBM would not be disturbed si- 
muitaneously because development would occur over the life of the project. 
Some of the disturbed acreage would be reclaimed or would be im the process of 
being reclaimed when new disturbances are initiated. Development of CBM is 
expected to occur at a rate faster than abandonment and reclamation of wells. In 
the near future, the amount of disturbed habitats is likely to increase, although the 
anticipated life of CBM wells indicates that reclamation would eventually over- 
take development of new wells, resulting in a net decrease in disturbed vegeta- 
tior for the long term. In areas reclaimed after development of CBM, vegetation 
often differs from undisturbed areas, as discussed im the section on Vegetation. 
As a result, shifts in habitat composition or distribution could affect big game 
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Table 443 Cumulative Habitat Disturbance for Prenghern by Sub-watershed and Alternative (calculated as a percentage of the tet 
extent of preaghern ranges in the Preject Area) 
a 


Alternative 
l 2A 2B 3 
Sab-watnmnhed Short term Longterm Shortie Longterm Shortterm  Longterm  Shortterm Long term 
Little Bighorn River 0.0 v0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Tongue River 1.3 1.0 1.9 Lt 1.3 1.0 1.6 0.38 
Middle Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
North Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Powder River 4.4 23 43 2.7 4.7 2.6 1.5 09 
South Fork Powder River 0.1 0.1 0.1 | 0.1 0.1 0.1 al 
Salt Creek 0.5 0.2 0.5 0.2 0.5 0.2 0.3 0.2 
Crazy Woman Creek 2.7 1.2 2.9 1.5 2.9 1.4 0.9 0.4 
Clear Creek 3.0 1.5 3.1 1.7 3.0 1.6 2.0 1.0 
Middle Powder River 4t 3.1 4.2 3.2 4.2 32 2.4 2.3 
Little Powder River 3.5 2.4 3.6 2.4 3.5 2.4 23 1.7 
Little Missour River 0.8 0.7 0.8 0.7 0.8 0.7 0.3 0.3 
Antelope Creek 6.5 2.7 6.4 27 6.4 27 2.6 1.2 
Dry Fork Cheyenne River 0.1 0.1 0.1 | 0.1 0.1 | ou! 
Upper Cheyenne River 2.3 1.7 2.38 1.7 2.3 1.7 1.3 13 
Lightning Creek 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Upper Belle Fourche River 5.5 3.7 5.4 3.6 5.4 3.6 4.1 3.0 
Middle North Platte River 0.1 0.1 0.1 0.1 0.1 0.1 Ou 0.1 
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Table 449 Cumulative Habitat Disturbance for White-tailed Deer by Sub-watershed and Alternative (calculated as a percentage of 
the total extent of white-tailed deer ranges in the Project Area) 


Alternative 
| 2A 2B 3 
S>eaemind Shorttermm Longtemm Shorttem Longterm Shortterm Longtenm Shorttemm Longterm— 
Little Bighorn River Tr 0.0 Tr 0.0 YT 0.0 rT 0.0 
Upper Tongue River 1.6 0.9 L? Lo 1.6 0.9 LS 0.8 
Middle Fork PowderRiver 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
North Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 
Upper Powder River 46 27 5.0 31 49 3.0 29 18 
South Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Salt Creek 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Crazy Woman Creek 14 08 L7 bl 16 1.0 0.7 0.4 
Clear Creek 2.9 1.6 3.1 1.7 3.0 1.6 25 13 
Middle Powder River 1.0 08 tt 0.9 tl 0.9 05 0.5 
Little Powder River 16 Lt 1.6 12 6 L tt 0.8 
Little Missouri River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Antelope Creek 1.6 0.7 Ls 0.7 Ls 0.7 07 0.3 
Dry Fork Cheyenne River 0.1 o! 0.1 0.1 0.1 0.1 01 0.1 
Upper Cheyenne River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Lightning Creek 0.1 a! 0.1 al o1 0 Ol 0.1 
Upper Belle Fourche River 2.0 1.6 19 Ls 19 Ls Ls 12 
Middle North Platte River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total 19 tt 2.0 1.2 20 12 14 0.8 
+21 ; 
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Table 4-S0 Cumulative Habitat Disturbance for Mule Deer by Sub-watershed and Alternative (calculated as a percentage of the total 


extent of mule deer ranges in the Project Area) 
Alternative 
l 2A 2B 3 
Sub-watershed Shor term  Longterm Shortterm Longterm  Shortterm Long term Short term Long term 
Little Bighorn River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Tongue River 1.5 0.8 1.6 0.9 15 0.8 13 0.7 
Middle Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
North Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Powder River 4.5 2.3 49 2.7 48 2.6 1.3 0.8 
South Fork Powder River 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Salt Creek 0.9 0.4 0.9 0.4 0.9 0.4 0.4 0.2 
Crazy Woman Creek 2.5 1.1 2.7 1.4 2.7 1.3 0.8 0.4 
Clear Creek 2.9 1.5 3.1 1.7 2.9 1.5 2.0 1.0 
Middle Powder River 3.4 2.6 3.5 2.6 3.5 2.6 2.0 1.8 
Little Powder River 2.9 2.0 2.9 2.0 2.8 2.0 1.7 1.4 
Little Missouri River 0.8 0.7 0.8 0.7 0.8 0.7 0.3 0.3 
Antelope Creek 3.9 1.7 3.9 1.7 3.9 1.7 1.6 0.8 
Dry Fork Cheyenne River 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Upper Cheyenne River 1.7 1.2 1.7 1.2 1.6 1.2 1.2 0.9 
Lightning Creek 0.3 0.3 03 0.3 03 0.3 0.3 03 
Upper Belle Fourche River 4.5 3.1 44 3.0 44 3.0 3.2 2.4 
Middle North Platte River 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Total 2.6 1.5 2.7 1.6 2.7 1.5 1.3 0.8 
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Table 4-51 Cumulative Habitat Disturbance for Elk (excluding Fortification Creek) by Sub-watershed and Alternative (calculated as 
a percentage of the total extent of elk ranges in the Project Area) 
a 


Alternative 
l 2A 2B 3 
Sub-wetershed Short term Longterm _Shortterm _Longterm _Shortterm _Longterm _Shortterm _Long term 
Little Bighom River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Tongue River 0.3 0.3 0.4 0.4 0.4 0.4 0.3 0.3 
Middle Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
North Fork Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Powder River 0.9 0.9 1.3 13 1.2 1.2 0.3 0.3 
South Fork Powder River 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 
Salt Creek 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 
Crazy Woman Creek 0.4 0.4 0.6 0.6 0.6 0.6 0.1 0.1 
Clear Creek 0.7 0.7 0.8 0.8 0.7 0.7 0.5 0.4 
Middle Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Little Powder River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Little Missouri River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Antelope Creek 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 
Dry Fork Cheyenne River 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.9 
Upper Cheyenne River 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 
Lightning Creek 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Upper Belle Fourche River 0.6 0.6 0.5 0.5 0.5 0.5 0.4 0.4 
Middle North Platte River 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Total 0.5 0.5 0.6 0.6 0.6 0.6 0.3 0.3 
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A variety of raptors inhabits the Project Area and makes use of all habitats pre- 
sent. Several of these species are discussed in the section on Threatened, Endan- 
gered, or Sensitive Species. The effects to general raptor habitats are essentially 
the same as effects to vegetation. Possible effects to raptors include: increased 
and electrocution on power lines); the introduction of new perches; direct loss or 
degradation of habitats; indirect disturbance from human activity (including har- 
assment, displacement, noise, and degradation or loss of habitats important to 
prey species); habitat fragmentation; and changes in population levels. Each of 
these effects is discussed below. 


Alternative 1 


Direct Mortality 

Raptors may be affected in severa! ways. Construction would not cause direct 
injury or mortality because raptors would avoid disturbance associated with con- 
struction. Mitigation measures included as part of the proposed project would 
limit activities im nesting habitats, further minimizing the potential for direct in- 
jury or mortality to individual raptors. Poaching, vehicle collision, and collision 
with and electrocution by power lines could cause direct mortality of raptors. 
Any mortality of raptors would be in violation of the Migratory Bird Treaty Act 
(MBTA). 


Many miles of new roads would be constructed as part of the proposed project 
(Table 2-5). These roads would increase access to public lands in the Project 
Area. Because of this increase in access, illegal shooting of raptors also may in- 
crease. However, any increase in illegal shooting is expected to have minimal 
effect on raptors because of the high proportion of private lands where new pub- 
lic access would not be created. 


Increased vehicle traffic is anticipated in association with all phases of the pro- 
ject. The literature on avian mortality caused by collision with vehicles is re- 
viewed by Enckson et al. (2001). Most birds killed by vehicle collision are pas- 
serines, although raptors, particularly owls, are also killed. Raptors may be struck 
by vehicles while they hunt or feed on carrion near roads. Most raptors do not 
focus their foraging efforts on carrion (Ehrlich et al. 1988), however, reducing 
their potential for being struck by vehicles along roads. The potential for vehicle 
collisions would be directly correlated with the volume of traffic. Project-related 
traffic is expected to be greatest during the construction phase and to gradually 
diminish during the production and reclamation/abandonment phases. The use of 
speed limits on project roads would reduce the potential for collisions; however, 
most collisions occur on county roads and highways, where speeds are higher 
and are regulated by the state, not BLM. Foraging raptors tend to avoid areas of 
heavy traffic, further reducing their potential for being struck by vehicles on busy 
roads. Overall, a 25 percent or more increase in traffic is anticipated (Chapter 4, 
Transportation), which may result in a similar increase in mortality to raptors. 
This increase would be in addition to a reported doubling (from 17 to 32) in rap- 
tor collisions since large-scale development of CBM began in the Project Area 
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(Seacross 2002). This impact is not expected to have a substantial effect on raptor 
populations because of the low incidence of mortalities from vehicle collisions, 
compared with the relatively large size of the raptor population in the Project 
Area. 


The presence of new aboveground power lines may increase the potential for rap- 
tor collisions. The literature on avian mortality caused by collision with power 
lines is reviewed by Erickson et al. (2001). Water birds and waterfowl are the 
most common groups of birds killed by collision with power lines. Raptors also 
to collision is minimal compared with mortalities attributed to electrocutions 
(Erickson et al. 2001). Specific measures that would help reduce the potential for 
ing areas of high avian use (wetlands, prairie dog towns, and grouse leks), would 
be implementea This impact is not expected to have a considerable effect on the 
raptor population because of the low incidence of mortalities from collisions with 
power lines compared with the relatively large size of raptor populations in the 
Project Area. 


The presence of new aboveground power lines could increase the potential for 
raptor electrocutions. All aboveground structures would be designed and 
equipped with Avian Power Line Interaction Committee (APLIC) (1996) devices 
intended to prevent and reduce the msk of electrocution to perching raptors. 
Power lines to facilities would be constructed underground where practical. 
These lines are expected to account for most of the new lines constructed. Since 
1997, the number of collisions and electrocutions reported for eagles, both 
(2002) reported 83 golden eagles and 2 bald eagles were electrocuted during 
2001. Other electrocutions of eagles have likely gone unreported, as have elec- 
trocutions of other species of raptors. No data are available on whether these 
electrocutions occurred on raptor-safe or improperly constructed power lines. 
Despite the use of raptor-safe construction techniques, electrocutions could occur 
and may increase over the life of the project as new power lines are built. 


Support structures associated with aboveground power limes could be used as 
perches by raptors. These new perches would provide raptors with new opportu- 
success of raptors that hunt from perches. This increase in success could result in 
an increase in the local population of raptors that hunt from perches and reduce 
the populations of the species on which these raptors prey. Such a reduction in 
prey populations would be of concern, particularly when they involve species 
that already are experiencing reductions, such as sage grouse and mountain plov- 
ers. Installing devices to prevent raptors from perching in on structures support- 
ing power lines near sensitive areas, such as grouse leks and mountain plover 
nesting areas, could eliminate these facilities as perches for raptors. 


Disturbance of Habitats 

Raptor nesting habitats occur throughout the Project Area. Where active nests are 
construction during the nesting season. Potential nesting habitats would not be 
similarly protected and could be disturbed or removed during construction of fa- 
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cilities. Ground-nesting raptors would experience a greater loss of nesting habi- 
tats relative to cliff- and tree-nesting raptors because cliffs and trees are less 
likely to be disturbed by the project. 


Raptor foraging habitats also occur throughout the Project Area and include all of 
the habitat types present. Construction of project facilities would disturb or re- 
move a variety of terrestrial habitats that provide foraging areas for raptors. 
erally be avoided by the project; however, the effects of water disposal methods 
may affect aquatic habitats, as discussed below. 


Facilities for Handling Produced Water 

Approximately 27,009 acres would be disturbed by water handling facilities un- 
der this alternative (Table 2—6). Construction of water handling facilities would 
generally occur in upland areas; however, the specific locations of these facilities 
are unknown. Because sagebrush shrublands and short- and mixed-grass habitats 
Area, it was assumed that they would experience most of disturbance associated 
with construction of water handling facilities. However, avoiding sagebrush 
shrubland habitats for these facilities where practical would minimize the loss of 
sagebrush shrubland habitats. Water handling methods would affect prey habitats 
and, subsequently, prey populations, but would not directly affect raptors. Effects 
on availability of prey are discussed below. 


Harassment and Displacement 

Raptors would be temporarily displaced from habitats in areas of human activity. 
The extent of displacement would depend on the duration and intensity of the 
activity and on the sensitivity and habituation to disturbance of individuals. Con- 
struction may result in displacement from affected habitats during the entire con- 
struction phase (a time frame of weeks to months), while production would result 
in displacement only during well visits (a time frame of hours). When they are 
displaced, individuals would move to other adjacent habitats but may encounter 
competition for resources. Resources in avoided areas would be under used, but 
would be over-used in areas were displaced individuals sought refuge. 


Disturbance to nesting raptors can cause nest failure, nest abandonment, and un- 
successful fledging of young. Timing stipulations would not allow new distur- 
bance during the breeding season within species-specific distances of active 
nests. Raptor surveys would be conducted during the appropriate period to iden- 
tify these habitats before ground disturbance begins. These measures would 
nimize | aieatl ay gual vities 


Displacement during the construction phase could alter patterns of habitat use for 
foraging individuals. Displacement during the production phase would result in 
only minima! alteration of habitat use by foraging individuals. The relatively 
widespread occurrence of foraging habitats im the Project Area and the diffuse 
nature of the expected human activity would preclude substantial changes in rap- 
tor foraging behavior. Most human activity would be associated with construc- 
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donment phases. During abandonment of project facilities, local activity levels 
would temporanly increase for a penod sufficient to complete habitat restoration. 


Noise 

Noztse is one factor in the displacement of raptors from areas of otherwise suit- 
able habitat and was considered as part of the analysis. Elevated levels of noise 
tors. The effects of project-related noise levels on raptors depend on the patterns 
of occurrence and intensity of the noise. Responses of individual raptors may 
vary from tolerance to avoidance of affected habitats. Increased notse m areas 
adjacent to new compressors would have minimal effects because raptors would 
avoid these areas or may become accustomed to this type of disturbance. 


Availability of Prey 

The diverse raptor populations that occur im the Project Area rely on a variety of 
or remove terrestrial habitats that support typical prey species. Prey species, par- 
ticularly small- and medium-sized mammals, would experence losses as a result 
of direct mortality. loss of habitat. and habstat fragmentation. Some prey species 
would respond negatively to these habitat changes, while others would exper- 
ence positive effects. Overall, the collective distribution and occurrence of these 
prey species would decrease and may be reduced to the extent that the availabil- 
ity of prey is reduced for foraging raptors, especially in areas of concentrated 
development. 

The potential effects of water handling facilities include localized removal of 
prey habitats and changes in the population of prey species. In some instances, 
local habitats may improve through the increased availability of water and, in 
turn, benefit local prey species and raptors. The effects of increased volumes of 
water as the result of water disposal methods may disturb, destroy, augment, or 
create aquatic habitats. Increased volumes of water may disrupt aquatic environ- 
ments that lead to changes in the occurrence of fish and waterfow! that are sought 
as prey by some raptor species. Increased volumes of water may result in im- 
provements to habitats that were previously unsuitable for fish or waterfowl. 


Habitat Fragmentation 

The pattern of fragmentation that would occur from the proposed project, as dis- 
cussed above, would have minimal effects on raptors because their ability to 
move through and make use of the remaining habitats that would not be affected. 
Populations of some prey species, especially smaller mammals, would be af- 
fected by fragmentation (Trombulak and Frissel 2000) and may decrease, affect- 
ing the availability of prey for raptors. 


Population Effects 

The effects of the proposed project on raptor populations are difficult to predict 
because of the many unknown factors associated with each of the potential ef- 
fects, differing sensitivity of species to each of these effects, and the potential for 
synergistic relationships *mong the individual effects. The large scale and wide- 
spread nature of the anticipated impacts. particularly in terms of collisions, power 
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line electrocutions, displacement. and availability of prey species, suggest that 
some declines in raptor populations may occur. The degree of this putential o. 
chine is not known, but is not likely to occur to the extent that raptor population 
viabality is compromised im the Project Area or across the range of any specific 
species as a whole. 


Alternative 2A 

Under Alternative 2A, the magnitude and type of effects would be similar to 
those presented for Alternative |, with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2A and | differ only in the 
proportion of the various water handling methods and their associated distur- 
bances. The types of effects associated with water handling methods are dis- 
cussed under Alternative |. Approximately 36,263 acres would be disturbed by 
water handling facilities under this alternative (Table 2-23), am imcrease of 
34 percent over the disturbance from water handling associated with Alternative 
1; therefore, a sumilar increase in effects from water handling is expected. 


Akternative 2B 

Under Alternative 2B, the magnitude and type of effects would be similar to 
those presented for Alternative |, with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2B and | differ only in the 
proportion of the various water hand!ing methods and their associated distur- 
bances. The types of effects associated with water handling methods are dis- 
cussed under Alternative |. Approximately 32,653 acres would be disturbed by 
water handling facilities under this alternative (Table 2-25), am imcrease of 
21 percent over the disturbance from water handling associated with Alternative 
1; therefore, a similar increase in water handling effects is expected. 


Alternative 3 

Under Alternative 3, the types of effects to raptors would be similar to those pre- 
sented for Alternative |; however, the magnitude of these effects would be sub- 
stantially smaller. Alternative 3 would result in the disturbance of 35 percent of 
the amount of habitats (Table 2-32) that would be affected under Alternatives 1, 
2A, and 2B, because the total number of new wells would be reduced to 40 per- 
cent (Table 2-29). The effects from water handling would be essentially the same 
as were discussed for Alternative |; however, the magnitude of these effects 
would be smaller. Approximately | 1,683 acres would be disturbed by water han- 
dling facilities under this alternative (Table 2-32), a decrease of 57 percent from 
the disturbance from water handling associated with Alternative |. The reduction 
in impacts from project activities, including water handling facih*:s, would re- 
sult in reduced impacts to raptors. Despite this reduction, the iazge scale and 
widespread nature of the anticipated impacts, particularly in terms of collisions, 
power line electrocutions, displacement, and prey species availability, suggest 
that some declines in raptor populations may occur. The degree of this potential 
decline is not known, although it would be smaller than under the other three al- 
ternatives. The decline is not likely to occur to the extent that viability of the rap- 
tor population is compromised in the Project Area or across the range of any spe- 
cific species as a whole. 
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Cumulative Effects 

Implementation of each of the alternatives would contribute to cumulative effects 
to raptors im the Project Area. The cumuiative effects to raptors that would result 
from current, proposed, and future activities such as gas and mimeral exploration 
and development, agnculture, and urban development may include increased dis- 
turbance to nesting raptors, degradation or destruction of nesting habitats, in- 
creased vehicular collisions with raptors feeding on carmon. As development 
brings additional power lines to the Project Area, the use of power poles as 
perches may be a positive effect to raptors. 


The total acreage affected by development of CBM would not be disturbed si- 
multaneously because development would occur over the life of the project. 
Some of the disturbed acreage would be reclaimed or would be im the process of 
being reclaimed when new disturbances are initiated. Development of CBM is 
expected to occur at a rate faster than abandonment and reclamation of wells. In 
the near future, the amount of disturbed habitats is likely to increase, although the 
anticipated life of CBM wells indicates that reclamation would eventually over- 
take development of new wells, resulting in a net decrease in disturbed vegeta- 
tion for the long term. In areas reclaimed after development of CBM, vegetation 
often differs substantially from undisturbed areas, as discussed in the section on 
Vegetation. As a result, shifts in composition or distmbution of habitat would af- 
fect raptor species within the Project Area. 


Upland Game 

in several ways. The effects to upland game may include: (1) increased direct 
mortality (including legal hunting, poaching, and collision with power lines and 
vehicles); (2) the introduction of new perches for raptors and thus a poi:ntial 
change in predation rates; (3) direct loss or degradation of habitats; (4) indirect 
disturbance resulting from human activity (including harassment, displacement, 
and noise); (5) habitat fragmentation (particularly through construction of roads); 
and (6) changes in population levels. Specific concerns for greater sage grouse 
and plains sharp-tailed grouse were identified during the scoping process. The 
greater sage grouse is discussed in detail in the section on Threatened, Endan- 
gered, or Sensitive Species. Plains sharp-tailed grouse are discussed below. No 
other species were specifically identified during the scoping process. 


Alternative 1 


Direct Mortality 

Piains sharp-tailed grouse are legally hunted im the Project Area and poaching 
hkely occurs as well. The new roads would increase access to lands in the Project 
Area. Increased access to public lands would result in more use of these areas by 
hunters and an increase in hunting pressure (legal and illegal). Private landown- 
ers would continue to control access to, and hunting on, split estate and private 
lands. Nevertheless, some increase in the level of poaching may occur the Project 
Area is sparsely populated. This increase in hunting pressure would have a minor 
effect on plains sharp-tatlied grouse because public access to the high proportion 
of private lands is unlikely. 
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Vehicle Collision 

The potential for collisions with vehicles was addressed because grouse tend to 
flush when closely approached and then fly close to the ground. Few studies have 
specifically examined effects of collision with vehicles on upland game. The lit- 
erature on avian mortality caused by collision with vehicles is reviewed by Enck- 
sun et al. (2001). Hoffman (2001) did not mention vehicle collision as a specific 
impact on sharp-tailed grouse in northwestern Colorado, an area that has a simi- 
lar levei of development of roads. The new roads that would be constructed under 
grouse. Although the number of collisions between vehicies and sharp-tailed 
grouse may increase, the effect on the grouse’s overall population would be 
minimal because development would be dispersed and surveys for leks would 
define areas where sharp-tailed grouse concentrate. 


Power Line Coilision 

Reiatively few comprehensive studies have been conducted, and nationwide an- 
nual estimates of avian mortality caused by collision with power lines are highly 
variable. The literature on avian mortality caused by collision with power lines is 
reviewed by Erickson et al. (2001). Upland game birds are unlikely victims of 
collisions with power lines because they fly close to the ground. Thus, the effects 
of collisions with power lines on populations of sharp-tailed grouse would be 
minimal. 


Predation by Raptors 

Construction of power lines could increase the number of perching opportunities 
for raptors. The availability of these perches may result in increased raptor hunt- 
img pressures on sharp-tailed grouse. particularly if perches are available near 
leks during the breeding season. Sharp-tailed grouse do not appear as sensitive as 
are sage grouse to placement of power lines near leks (Hoffman 2001). Raptor- 
proofing aboveground power lines within one-half mile of lek sites would reduce 
the potential for increased raptor predation on sharp-tasled grouse. With raptor- 
proofing of power lines, increases in predation by raptors would be experienced 
primarily by foraging birds and are expected to have only minor effects on popu- 
lanons of sharp-tailed grouse. 


Loss or Degradation of Habitats 
Implementation of this alternative would disturb sharp-tailed grouse habitats. 
Table 4-52 shows the predicted proportion of known lek sites where project- 
related facilities would be placed within 0.25 mile. Data on lek locations would 
be reviewed before surface disturbance begins to avoid direct disturbance to leks. 
Predisturbance surveys would be conducted im suitable grouse habitats to locate 
leks that may be disturbed. No surface occupancy would be allowed within 
Ye mile of a lek to avoid direct disturbance. This stipulation is attached to oil and 
seme SS ya Ny Therefore, it applies to all federal oil and gas 
leases, regardless of surface ownership. Habitat disturbance to brood-rearing 
habitats and feeding and resting aress would occur. Disturbances to wooded 
draws and mparnan areas would be avoided, with the exception of linear facilities, 
such as roads, pipelines, and power lines. Direct loss and disturbance of habitats 
is expected to have minor effects on sharp-tailed grouse because of mitigation 
measures designed to reduce impacts to important habitats and because they can 
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adapt to altered habitats as long as unportapt cumponents such as shrubby areas 
and wooded draws are protected (Braun et ai. im press). 


Table 4-S2 Effects te Sharp-tailed Grouse Protective Buffers by Sub- 
watershed — Aleruatives i, 2A, and 2B 


ee 
Pornes of jeks with ucvcioprent propused in the buffer (percemi) 


Propect Cumuian< 
Littie Bighorn River 0.0 00 0.0 0.0 
Upper Tongue Rover ia.5 29.6 22 29.6 
Middle Fork Powder River 0.0 6.0 0.0 0.9 
North Fork Powder Rover 0.0 0.0 0.0 0.0 
Upper Powder Rover 0.0 0.0 0.0 0.0 
South Fork Powder River 00 0.6 0.0 0.0 
Sait Creek 00 0.0 0.0 0.0 
Crazy Woman Creek 00 0.0 0.0 0.0 
Clear Creek 143 S71 28.6 71.4 
Maddie Powder River 0.0 0.0 0.0 0.0 
Little Powder River 0.0 0.0 0.0 0.0 
Little Massour: Rover 6.0 0.0 0.0 0.0 
Antelope Creek 0.0 0.0 0.0 0.0 
Dry Fork Cheyenne River 0.0 0.0 0.0 0.0 
Upper Cheyenne Rover 0.0 0.0 0.0 0.0 
Lighting Creek 0.0 0.0 0.0 0.0 
Upper Belle Fourche River 0.0 9.0 0.0 0.0 
Viddle North Platte River 0.0 0.0 0.0 0.0 
Total 13.0 9.0 20.0 32.5 


Water Handling 

Under this alternative, water-handling methods may have positive and negative 
effects to the sharp-tailed grouse. Produced water from surface discharge may 
result in expansion of existing wetlands and mpanan areas and create new areas 
of these habitats. Water impoundments and increased water flows would also 
provide additional sources of drinking water. The construction of water handling 
facilities would result in the loss of habitats used by this species. A total of 
27,009 acres would be disturbed by construction of the vanous water handling 
faciahtes. A summary of losses by habitat type. including contmbutions trom wa- 
ter hardling methods, is presented in the section on Vegetation of this chapter. 


Harassment, Displacement, and Noise 

effects to sharp-tailed grouse. These grouse are most sensitive to human activity 
and notse when on their leks. although they do not appear to be as sensitive as 
sage grouse (Hoffman 2001). Human activities may disturb individual nesting 
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grouse, but effects to groups of grouse dumng the breeding penod would have the 
greatest potential to affect local populations. Table 4-52 shows the predicted 
proportion of known lek sites where proyect-reiated facilities would be located 
within 0.5 mile and, therefore. that could be subject to dispiacement. The poten- 
tial for adverse effects on federal or split estate lands from harassment, displace- 
ment, and notse would be minmal because umung limitanons (supulanons) would 
prevent new surface disturbance within 0.5 mile of sites during the breeding pe- 
riod and the mitigation measure on noise wouild limit the level of noise allowed at 
leks. 


Habitat Fragmentation 

Sharp-tailed grouse may move more than |8 mules between seasonal ranges 
(Hoffman 2001). During these migrations, they cam cross highways, roads, agn- 
cultural fields, and other areas of non-native habitats. The level of fragmentation 
that would occur would not substantially fragment habitats used by sharp-tailed 
grouse and is not expected to affect patterns of habitat use or seasonal move- 
ments on a landscape scale. 


Alternative 2A 

Under Alternative 2A, the magnitude and types of effects would be similar to 
those presented for Alternative |, with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2A and | differ only in the 
proportion of the various water handling methods and their associated distur- 
bances. The types of effects associated with water handling methods are dis- 
cussed under Alternative |. Approximately 36,263 acres would be disturbed by 
water handling facilities under this alternative (Table 2-23), an increase of 
34 percent over the water handling disturbance associated with Alternative |: 
therefore, a similar increase in effects from water handling is expected. 


Alternative 28 

Under Alternative 2B, the magnitude and types of effects would be similar to 
those presented for Alternative |, with the exception of the effects associated 
with proposed water handling facilites. Aiternatives 2B and | differ only in the 
proportion of the various water handling methods and their associated distur- 
bances. The types of effects associated with water handling methods are dis- 
cussed under Alternative |. Approximately 32,653 acres would be disturbed by 
water handling facilities under this alternative (Table 2-25), an increase of 
21 percent over the disturbance from water handling associated with Alternative 
|; therefore, a sumular increase in water handling effects is expected. 


Alternative 3 

Under Alternative 3, the types of effects. to upland game birds would be sumilar 
to those presented for Alternative |. The magnitude of these effects would be 
substantially smaller, however. Alternative 3 would result in the disturbance of 
35 percent of the amount of habitats that wouid be affected under Alternatives |. 
2A, and 2B, because the total number of new weils would be reduced to 40 per- 
cent. Table 4-53 shows the predicted proportion of known sharp-tailed grouse 
lek sites where project-related facilities would be located within 0.25 and 
0.5 mule. The effects from water handling would be essentially the same as were 
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discussed for Alternative |; however, the magnitude of these effects would be 
smaller. Approximately | 1,683 acres would be disturbed by water handling fa- 
cilittes under this alterna‘ive, a decrease of 57 percent from the disturbance from 
water handling associated with Alternative |. The reduction im impacts from pro- 
land game birds. 


Cumulative Effects 

Implementation of each of the alternatnves would contribute to cumulative effects 
to upland game birds that occur within the Project Area. The cumulative effects 
to upland game that would result from current, proposed and future activities 
such as gas and mineral exploration and development. agnculture, and urban de- 
cles and power lines: displacement and harassment: and physical degradation or 
destruction of breeding grounds (leks) and reproductive areas (nesting and brood- 
rearmg areas). Table 4-52 and Table 4-53 show the predicted cumulative propor- 
non of known sharp-tailed grouse lek sites where project-related factlities would 
be located within 0.25 and 0.5 mile for each of the alternatives. 


Table 4-53 Proposed and Cumulative Impacts te Sharp-tailed Grouse 
Protective Buffers by Sub-watershed — Alternative 3 
——— SS IEsoRe—~—~—EEEEEEEEEEEee eee 
Porton of leks with development proposed in the buffer (percent) 


Project Cumulanve 
0.25-mule buffer 0.5-mile buffes 0.25-amile buffer 0.5-mile buffer 
Little Bighorn River 0.0 0.0 0.0 0.0 
Upper Tongue River 148 23.9 is.S 296 
Maddie Fork Powder River 0.0 0.0 0.0 0.0 
North Fork Powder River 0.0 0.0 0.0 0.0 
Upper Powder Raver 0.0 0.0 0.0 0.0 
South Fork Powder Rover 0.0 0.0 0.0 0.0 
Salt Creek 0.0 0.0 0.0 0.0 
Crazy Woman Creek 0.0 0.0 0.0 0.0 
Clear Creek 0.0 S71 143 71.4 
Middle Powder River 0.0 0.0 0.0 0.0 
Little Powder River 0.0 0.0 0.0 0.0 
Litthe Missour Rover 0.0 0.0 0.0 0.0 
Antelope Creek 0.0 0.0 0.0 0.0 
Dry Fork Cheyenne River 0.0 0.0 nT] 0.0 
Upper Cheyenne River 0.0 0.0 0.0 0.0 
Lightning Creek 0.0 0.0 0.0 0.0 
Upper Belle Fourche River 0.0 0.0 0.0 0.0 
Middle North Platte River 9.0 0.0 0.0 0.0 
Total 10.0 27.5 i5.0 32.5 
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The total acreage affected by development of CBM would not be disturbed si- 
multaneously because development would occur over the life of the project. 
Some of the disturbed acreage would be reclaimed or wou!d be in the process of 
being reclaimed when new disturbances are initiated. Development of CBM is 
expected to occur at a rate faster than abandonment and reclamation of wells. In 
the near future, ihe amount of disturbed habitats is likely to increase, although the 
anticipated life of CBM wells indicates that reclamation would eventually over- 
take development of new wells, resulting in a net decrease in disturbed vegeta- 
tion for the long term. In areas reclaimed after development of CBM, vegetation 
often differs substantially from undisturbed areas, as discussed in the section on 
Vegetation. As a result, shifts in habitat composition or distribution would affect 
upland game species within the Project Area. 


Waterfowl 


Alternative 1 

Surface disturbance associated with the construction, operation, and abandon- 
ment of facilities, including roads, has little potential to cause direct mortality to 
waterfowl. Most birds would avoid construction equipment and most construc- 
tion would not occur within or near wetland habitats. However, nests placed in 
locations subject to disturbance (such as tall grass near wetlands) could be lost. 
This effect would be relatively minor because of the low potential for direct mor- 
tality, the short breeding season for waterfowl, and the smal! percentage of the 
Project Area that would be directly affected during the breeding season. 


Exposure to Production Water 

Concentrations of salts and metals, particularl barium and selenium, may in- 
crease in the contaimment reservoirs receiving CBM produced water discharges, 
as water evaporates over time. Direct effects (toxicity) to waterfowl could occur, 
depending on the quality of the produced water. CBM produced waters dis- 
charged to off-channel containment impoundments would require an NPDES 
permit issued by WDEQ, which would establish effluent limitations that would 
be protective of use by wildlife and livestock. Concentrations of selenium within 
the impoundments would be monitored as a requirement of the NPDES permit, 
primarily because of the large volume of water that could be potentially dis- 
charged, and the bioaccumulative nature of selenium. Typically, the concentra- 
tion of selenium in the produced water ts fairly low and is normally less than 
Wyoming water quality standards. However, water quality could reach levels of 
concern for selenium and other constituents when inflow to the impoundments 
ceases, and NPDES permit monitoring requirements no longer apply. 


Selenium can be absorbed or ingested by organisms, can bind to particulate mat- 
ter, or can remain free in solution. Most selenium accumulates in the top layer of 
sediment and detritus. Selenium can then be cycled back into the biota and re- 
main elevated for years after input of seienium has stopped (Lemly and Smuth 
1987). Generally, flowing waters accumulate less selenium than do standing wa- 
ters, which have low rates of flushing. Recovery is much slower in shallow im- 
poundments and wetlands than in fast-flowing rivers and streams (Lemly and 
Smith 1987). Selenium levels in the water column that exceed 10 pg/L are con- 
sidered to pose a potential risk to many species of waterfowl! because of the ele- 
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ment’s known toxicological effects and high potential for bioaccumulation in 
food chains (Lemly and Smith 1987). Results for recent sampling of produced 
water within the Project Area show that levels of selenium are less than 2 pg/L. 
However, bioaccumulation of selenium may result as more is introduced into the 
ecosystem. Selenium could potentially reach toxic levels for fish over the life of 
the project. Fish and macroinvertebrate species that live in ponds and reservoirs 
that receive CBM produced water may experience effects from bioaccumulation 
of selenium, which may affect waterfowl through ingestion of these species. 
Levels of selenium in streams and rivers throughout the Project Area are not ex- 
pected to reach harmful levels for waterfowl due to NPDES permit requirements 
for CBM produced water discharges that are protective of aquatic life. 


The saline quality of the produced water would likely precipitate dissolved met- 
als in the water column, such that sediments beneath CBM produced water con- 
tainment reservoirs would potentially receive increasing concentrations of or- 
ganic and inorganic forms of dissolved metals over time. It is possible that sedi- 
ments would reach a toxic level for diving ducks that ingest sediments while they 
feed on benthic organisms. Changes in algal and microbial species mchness thai 
could cause indirect effects on waterfowl may or may not occur in response to 
increasing concentrations of metals (Adamus 1996). Some aquatic organisms are 
able to develop a tolerance to an increased concentration of metals in the sur- 
rounding aquatic environment. Tolerance may be descrnbed as “the ability of in- 
dividuals to cope with the stress associated with exposure to contaminant concen- 
trations that are inhibitory to non-tolerant individuals” (Mulvey and Diamond 
1991). Explanations to account for increased tolerance to contaminants include 
physiological acclimation and genetic adaptation (Clements 1999). The physio- 
logical and genetic mechanisms responsible for tolerance may come at specific 
costs. Several studies have documented a tradeoff within individuals between the 
benefits of tolerance and the associated energetic costs, with consequences for 
populations and communities (Hickey and McNeilly 1975. Wilson 1988, Court- 
ney and Clements 2000). Courtney and Clements (2000) reported that chronic 
metal pollution produced aquatic invertebrate communities that were tolerant to 
metals but were more sensitive to acidic pH. Clements (1999) reported that both 
population-level responses and species replacement accounted for greater toler- 
ance to high concentrations of metals by aquatic invertebrates in stream contamt- 
nated by metals. 


Limits on salinity and optimum ranges for microhial communities. algae. and 
aquatic invertebrates are known for many species. It ts likely that the contaim- 
ment reservoirs recerving CBM produced water would be colonized by species of 
these taxa that are tolerant of the saline water quality compared with surrounding 
water bodies. The species nchness of microbial communities and aquatic inver- 
tebrates, as well as algal productivity and biomass. would likely be less in the 
CBM produced water contaimment reservoirs than im less-saline water bodies 
(Adamus 1996). As the salimity increases over ume and as water evaporates from 
the containment reservoirs. these broundicators would decrease Simularly. the 
species nchness and abundance of waterfow! 1s expected to be lower than in sur- 
rounding. unaffected water bodies 
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Collision with Vehicles 

Annual avian mortality from collisions with vehicles in the United States is esti- 
mated to be equal to 60 to 80 million birds, most of which are songbirds. The 
literature on avian mortality caused by collision with vehicles is reviewed by 
Erickson et al. (2001). It was estimated that 13,500 ducks are killed each year 
from vehicle collisions in the prairie pothole regions of North and South Dakota 
(some of the most productive waterfow! habitat in the U.S.). An average number 
of 0.04 duck fatalities per mile of road has been used by several authors to esti- 
mate total waterfowl mortality from vehicle collisions in the praine pothole re- 
gion (Erickson et al. 2001). Most of these studies have been conducted along 
paved, high-speed roads, rather than low-speed dirt roads. The rate of mortality 
with mostly unpaved project roads in the dner PRB would be much lower than 
reported for the prairie pothole ragion. Thus, the effects of collisions of water- 
fowl! with vehicles on the local populations of waterfowl would not be anywhere 
near as extensive as the estimate for the praine pothole region. 


Collisions with Power Lines 

Few comprehensive studies have been conducted on collisions of birds with 
power lines. However. where nationwide annual estimates of avian mortality 
caused by such collisions have been made, they range widely. from more than 
10,000 to more than | 74,000,000 birds per year. Waterfow! are most susceptible 
to colliding with power lines that span or occur near streams. water bodies, and 
wetlands. Considering the amount of open water and wetlands in the Project 
Area, the potential for waterfow! colliding with power lines ts limited and mini- 
mizing the construction of aboveground power lines near streams. water bodies. 
and wetlands would reduce the potential for these collisions. 


Increased Raptor Predation 

Construction of power lines would increase the number of perching opportun\ties 
for raptors. The bald eagle ts one of the primary species of raptor in the Piojyect 
Area that takes a large percentage of waterfow! as prey. Eagies typically hunt on 
the wing and hunt from perches. Therefore. an increase in the number of raptor 
perches may facilitate hunting by baid cagies. However. any effects on waterfow | 
from this faciitanon probably would be negligible because amount of suitable 
habttats present im the PRB 1s lomsted and the distmbuton of these habitats rela- 
trve te routes for power lines would mimimize the potential for placement of 
power lines where they would benefit bald cagies Furthermore. raptor proofing 
the power lines would clumuinate the use of electrical structures as perches by rap- 
tors. 


Loss or Degradation of Habdats 

The extent of loss of vanous habsat types in the Proyect Area ts discussed above 
Wetlands and mpanan areas are the habttat types of Inghest importance to the 
waterfow! m the Project Area The amounts of these habitat types that would be 
lest are relatrvely small compared with the areal extent of these habrtats that 
would not be affected Thus. direct loss of habnats would have mimnai cffect on 
waterfow | 
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Water Handling 

Habitat disturbance as the result of apphed water handling methods would result 
in a vanety of changes, including potential negative and positive effects to habi- 
tats for waterfowl. Water from impoundment outflows and surface discharge may 
habitats may be provided to local waterfowl, assuming rooted aquatic plants and 
wetland vegetation are allowed to grow at surface containment facilities. Water- 
fowl populations in the Project Area may increase im response to new oF ex- 
panded habitats caused by surface water discharge. This potential increase in 
populations also may lead to an increased occurrence of power line collisions and 
raptor predation. 


from production water may alter favorable conditions to the detmment of plants 

and aquatic life. These potennal effects depend on existing conditions, the quagy, e e- 
tity and timing of the release of production waters, and the distance between re- 

occur im the Project Area, they are not expected to notably affect the waterfow! 
population in the Project Area. 


Harassment and Dissiacement 

Waterfow! could be displaced from habitats in areas of human activity. The ex- 
tent of displacement would depend on the spatial and temporal scale of the activ- 
ity and the response of cach species and individual to cach type of disturbance. 
These individuals may be able to use habitats adjoming the disturbance. however. 
these habitats may already be occupied. Displacement probably would not have 
substantial effects on waterfowl populations because development at any single 
location would be limited in time. would occur primarily in uplands. and few 
wetlands would be disturbed directly. 


Liumuted displacement also could occur dumng the operational phase. Drsturbance 
during the operanonal phase would be short and could occur regularly im some 
areas. Durmng this phase. individuals would be displaced temporanty (a few hours 
at most) rather than for any extended penod. 


Norse 

Norse ts one component of disturbance that could cause displacement. depending 
on the proximity of the source of norse to waterfow! and the: hab#ats. Regular 
norse from stahonary sources. such as compressors. can disrupt bard behavior. 
such as termtonmal defense. mate aftrachon. and warnmg calls. within a lunited 
distance around the source (NPC 2002. Stone 2002) Individual birds may avord 
nesting im areas of regular nose. which would effectrvely reduce the amount of 
breeding habitats available Vinganon measures designed to mimimuzr effects 
from nore that are associated with compressors would lum the potential extent 
of the nose to the ummediste vecematy of these factimes. Overall. the cffect of 
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noise on waterfowl! across the Project Area would be minor because sources of 
noise would be limited and the areal extent of habuats for waterfowl ts limited. 


Habitat Fragmentation 

Habitats used by waterfowl, such as wetlands and riparian areas, would be only 
but this disturbance is expected to have mimimal effects on individual waterfow! 
or populations specifically as a result of fragmentation. 


Alternative 2A 

Under Alternative 2A, the magnitude and types of effects would be similar to 
those presented for Alternative |. with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2A and | differ only in the 
proportion of the vanous water handling methods and their associated distur- 
bances. The types of effects associated with water handling methods are dis- 
cussed under Alternative |. i 36,263 acres would be disturbed by 
Water handling facilities under tRis alternative. an increase of 34 percent over the 
disturbance from water handling associated with Alternative |. Populations of 
waterfowl! would be subject to the same effects as were discussed under Alterna- 
tive |; therefore. a similar increase in effects from water handling ts expected. 


Alternative 2B 

Under Alternative 2B, the magnitude and types of effects would be similar to 
those presented for Alternative |. with the exception of tne effects associated 
with proposed water handling facilites. Alternatives 2B and | differ only im the 
proportion of the vanous water handling methods and their associated distur- 
bances. The types of effe.*s associated with water handling methods are dis- 
cussed under Alternative |. Approximately 32.653 acres would be disturbed by 
water handling facilites under this alternative. an increase of 2! percent over the 
disturbance from water handling associated with Alternative |. Populations of 
waterfow! would be subject to the same effects as were discussed under Alterna- 
tive |. therefore. a sumilar crease in water handling effects 1s expected. 


Alternative 3 

Under Alternative 3. the types of effects to waterfow! would be samilar to those 
presented for Alternative | The magnitude of these effects would be substan- 
ually smaller. however Alternative 3} would result in the disturbance of a sub- 
stantially smailer amount of habstats than would be affected under Alternatives |. 
2A, and 2B because the total number of new wells would be reduced to 40 per- 
cemt. The effects from water handling would be essentially the same as were dis- 
cussed for Alternative |. however, the magnitude of these effects would be 
smaller. Approximately |! .683 acres would be desturbed by water handling fa- 
cilumes under this alternanve. a decrease of 57 percent from the disturbance from 
associated with Alternative | The reduchon m umpacts from project activites. 
including water handling tac:imes. would reduce impacts to waterfow | 


Cumulative Effects 
implementation of cach of the alternatives would contmbute to cumulative effects 
to waterfow! that mhabet thc Propect Arca Potental negative cumulanve effects 
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may result after each of the proposed alternatives is implemented. Negative ef- 
from potential increases or fluctuations im surface water levels. Salts and metals 
tume, and levels may exceed the safe limit for waterfowl. Positive effects would 
include the potential creation of suitable nesting, resting, or feeding habitats as- 
sociated with the various methods of water handling. 


The effects to waterfowl described for each of the proposed alternatives would 
occur in addition to impacts that have already occurred, and that would occur, as 
a result of other activities in the Project Area. Similar types of direct and indirect 
effects have already occurred, including direct mortality, habitat loss. indirect 
effects, and population-level effects. Minimal downward trends in populations of 
waterfowl are predicted. 


Migratory Birds 


Alternative 1 

Surface disturbance associated with construction, operation, and abandonment of 
facilities, including roads, has the potential to result in direct mortality of migra- 
tory birds. Most birds would be able to avoid construction equipment: however. 
nests in locations subject to disturbance would be lost, as would any eggs or nes- 
things. This effect would be relatively minor because of the low potential for di- 
rect mortality. the short breeding season for migratory birds. and the smal! per- 
centage of the Project Area that would be directly affected during the breeding 


Vehicle Collision 

Annual avian mortality from collisions with vehicles in the United States ts esti- 
mated to be equal to 60 to 80 million birds, most of which are passerines. The 
literature on avian mortality caused by collision with vehicles is reviewed by 
Ernckson et al. (2001). The number of collisions between vehicles and migratory 
birds probably would increase with the construction of the new roads. However. 
the number of collisions .n the literature vanes so widely (from two to three to 
well more than 100 per mile of highway) that any quantitative projection for the 
Project Area would be speculative. Although the number of collisions would 
probably increase. the effects on populainons of migraiory birds 1s unlikely to be 
sub<tantial because the roads that would be constructed would be low-speed two 
track and gravel roads. 


Relanvely few comprehensive studies save been conducted and natonwide an- 
nual estimates of avian mortality caused by collisions with power lines vary from 
more than |0.000 to | 74,000,000. The literature on avian mortality due to coll- 
sson with power lines is reviewed by Emckson et al. (2001) Waterfow! appear 
most suscepnbdie to collrsson with pou er lines near wetlands. whereas raptors and 
mugratory birds are most suscepubdie im upland areas. [t 1s likely that mortalities to 
mugratory birds in the Project Area would increase as a result of the proposed 
Project. 
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Loss or Degradation of Habitats 

The extent of loss of various habitat types im the Project Area is discussed above. 
habitat types of highest importance to the species of migratory birds of manage- 
ment concern in Wyoming. Species that depend on these habitats have shown 
large declines in population size as a result of habitat loss (Saab and Rich 1997). 
Each of these habitats supports several species of birds that are of management 
concern (Cerovski et al. 2001). The amount of each of these habitats that would 
be disturbed is relatively small compared with the areal extent of these habitats 
that would not be affected. Operation of water handling facilities may increase 
birds. Direct loss of habitat would have minimal effect on migratory birds. 


Harassment and Displacement 

Migratory birds would be displaced from habitats in areas of human activity. The 
extent of displacement would depend on the spatial and temporal scale of the ac- 
tivity and on the response of each specieS@BRach type of disturbance. In areas of 
construction and well dmiling. individuals may be completely displaced from 
their termtones for extended penods. These individuals may be able to use adja- 
cent habitats away from the disturbance. however, in many cases, these habitats 
would already be occupred and competition for limited resources would occur. 


of disturbance would change. Rather than areas of intense. continuous activity. 
disturbance during the operational phase would be short and would occur on a 
regular basis across a broad area. During this phase. individuals may be displaced 
for a short period (a few hours at most), but would not move into new areas or 
compete substantially with dirds in other areas. 


Norse 

Notse associated with various project activities is one component of disturbance 
that would result in displacement. Regular notse from stationary sources, such as 
tion, and warning calls, within a limited distance around the source (NPC 2002. 
Stone 2002). Individual burds may avoid nesting in areas of regular notse. effec- 


such as around grouse leks. would limit the extent of this effect to the immediate 


populations of migratory birds would be minor. 


passermes m an area with a lower propornon of 
sagebrush loss were reduced by 50 percent within 100 meters of roads, even 
along lightly used oil and gas development roads. Other birds. specifically 
horned larks. increased in density near roads (Ingelfinger 2001). Habstat frag- 
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mentation in shrub-steppe (sagebrush aud other shrubland) habitats affects site 
selection, reproductive rates, and predation rates (Knick and Rotenberry 1995), 
all of which may explain the lower abundance of sagebrush-obligate songbirds in 
fragmented shrub-steppe habitats. The creation of edges in other habitats can also 
lead to increased predation and nest parasitism (Paton 1994). The results of these 
studies suggest that densities of some migratory birds may decline im parts of the 
Proyect Area that are disturbed by project activities whereas the densities of other 


Population Effects 

probably would result in some decline in the populations of migratory birds that 
are sensitive to these types of disturbance, such as sagebrush-obbgate songbirds. 
Populations of other species that are adaptable to disturbance (such as horned 
larks) may increase. Table 4-54 shows qualitative predictions for population 
trends for the species of migratory birds of management concern in Wyomag 
that were discussed in Table 3-60. The predictions are based on the results from 
past breeding bird surveys combined with the habitat requirements of each spe- 
cies, as discussed in Cerovski et al. (2001). 


Alternative 2A 

Under Alternative 2A, the magnitude and types of effects would be similar to 
those presented for Alternative |, with the exception of the effects associated 
with proposed water handling facilites. Alternatives 2A and | differ only in the 
proportion of the various water handling methods and their associated distur- 
bances. The types of effects associated with water handling methods are dis- 
cussed under Alternative |. Approximately 36.263 acres would be disturbed by 
water handling facilities under this alternative. an increase of 34 percent over the 
disturbance from water handling assoc:ated with Alternative |. Populations of 
migratory birds would be subject to the :ame effects as were discussed under Al- 
ternative |; therefore. a similar increase in effects from water handling is ex- 
pected. 


Alternative 2B 

Under Alternative 2B, the magnitude and types of effects would be similar to 
those presented for Alternative |. with the exception of the effects associated 
with proposed water handling facilities. Alternatives 2B and | differ only im the 
proportion of the vamous water handling methods and thew associated distur- 
bances. The types of effects associated with water handling methods are dis- 
cussed under Alternative |. Approximately 32.653 acres would be disturbed by 
water handling facthtes under this alternative. an increase of 21 percent over the 
disturbance from water handling associated with Alternative |. Populations of 
migratory birds would be subject to the same effects as were discussed under Al- 
ternative |; therefore, a similar increase im effects from water handling is ex- 
pected. 
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Table 4-54 Predicted Population Tread for Migratory Bird Species of Management Ceancern in 


Wvoming 


Species Predicted Trend Comments 
Level | species 
McCown’s Longspur Increase Uses early successional landscape with low shrub density and substan: are 
ground. 
Wilson's Phalarope Stable Habitats would generally be avoided by actrvities. Discharge of surface water 
persist after abandonment. 
Level Il species 
Cassin’s Kungburd Stable Penpheral breeder in Proyect Area. 


May decrease locally in response to ngh levels of disturbance. Requires | 0 to 
3@ percent dense grass or shrub cover for nesnng. 


Requires demse cyver and large patches of undisturbed habitat. 
Requires denser vegetanon than McC own’s longspur 

Rupanan obingate - habttat may increase through surtace discharge of 
produced water. but may be low quality. habitat would not persist after 


abandonment. 

Sabie Habitats would generally be avoided by activites. Discharge of surface water 
may increase habitat tempuranly. but may be low quality. haditat would not 
persist after abandonment. 

Stabie Uncommon in Proyect Area. minimal effects to preferred habutats. 

Decrease Requires high level of structure. continuous tai! cover. and large undisturbed 
patches. 

Decrease Requires high level of structure. tall cover. and large undisturbed paiches. 

Sadie Habitats would generally be avowed by activites. Discharge of surface water 
may increase haditat temporan!y. but development of necessary habitat 
components may not occur. 

Decrease Requires both shrub and grass cover. a ground nester susccpubdle tw nest 
destruction and predation. 

Decrease Requires shrub cover. a ground nester suscepubie to nest destruction and 
predation. 


Alternative 3 

Under Alternative 3, the types of effects to migratory birds would be simular to 
those presented for Alternanve |. The magnitude of these effects would be sub- 
stantially smaller. however. Alternative 3 would result im the disturbance of 
40 percent of the amount of habitats that would be affected under Alternatives |. 
2A, and 2B because the total number of new wells would be reduced to 40 per- 
cent. Approximately | 1.683 acres would be disturbed by water handling facilities 
under this alternative, a decrease of 57 percent from the disturbance from water 
handling associated with Alternative |. The reduction in impacts from project 
activities, including water handling facilites, would result in reduced impacts to 
migratory birds. Each of the effects discussed for Alternative | would occur, 
however, fewer individual birds would be affected because fewer acres overall 
would be disturbed by this alternative. The overall effect on populations of birds 
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in the Project Area would also be reduced. The qualitative predictions of trend 
shown in Table 4-54 for each of the species of management concern in Wyo- 
rung are applicable, but amy wcrease or decrease would be reduced proportion- 
aliv to the reduction in impacts between Alternative 3 and the other alternatives. 


Cumulative Effects 

The effects to migratory birds descmbed for each of the pronosed alternatives 
would occur in addition to impacts that have already occurred and that would 
occur as a result of other activities in the Project Area. Similar types of direct and 
indirect effects have already occurred, including direct moiiality, habitat loss, 
displacement, habitat fragmentation. and population-level effects. Evaluating the 
cumulative impacts of past. on-going, and reasonably foreseeable activities ts 
difficult because of the general lack of data om migratory birds im the Project 
Area and the range of effects that would occur in varying degrees to various spe- 
cies. The trends discussed in Table 4-54 would be applicable not only to pro- 
posed effects, but also to cumulative effects because they take into account exist- 
ing data on trends. 


Aquatic Species 


This section describes the potential direct and indirect effects of each of the pro- 
posed alternatives on aquatic species in the Proyect Area. These effects include: 
(1) changes mn tuming and quantity of stream flows, (2) changes in sedimentation: 
(3) changes in concentrations of salts in streams: (4) changes in concentrations of 
metals (such as banum, selenium), (5) changes m temperatures, (6) accidental 
spills of fuels or dmiling fluids: (7) changes im species diversity. and (8) wans- 
boundary effects on water quality. 


This analysis assumed that wells that discharge produced water on the surface 
and wells that discharge water to infiltranon ponds may have potential effects on 
aquatic species. Water produced from wells and managed using other -methods 
of water handling (containment, LAD, and injection) would not have effects on 
surface waters because none of the discharged water under these methods would 
reach draimages im the sub-watersheds. therefore. these three water-handling 
methods are not analyzed further. The amount of water that would er - drain- 
ages below infiltration ponds as a result of the msing water tables im shaliow aqui- 
fers ts unknown, however, if some of this water resurfaces into stream channels, 
it would contribute to the effects discussed below. 


Discharges of CBM produced water to surface dramages would not result in vi0- 
lations of the Clean Water Act if the project adheres to the requirements in 
WDEQ.-issued NPDES permits. NPDES permuts specify water quality standards 
intended to protect designated uses, such as agnculture, livestock watering. and 
aquatic health. Therefore. under the WDEQ permitting process, the quality of 
receiving waters in the Powder River Basim would not be degraded to levels 
above aquatic hfe standards in tnbutanes and main stems. Additionally. the BLM 
APD permitting process requires that Water Management Plans be submutted 
before CBM water can be discharged ( Appendix 1). 


Alternative 1 

The analysis of effects is orgamized on a sub-watershed basis. The prediction of 
impacts on the level of individual aquatic species is impractical because of the 
scale of the Project Area and the lack of scientific data om aquatic resources in 
the Project Area. Refer to Table 3-57 and Table 3-58 for fish species and their 
preferred habitats that may occur within a sub-watershed. Under Altermative |, 
62 percent of the proposed wells would discharge produced water on the surface 
and 23 percent would discharge produced water to infiltration reservours. 


Timing and Quantity of Stream Flows 

Modification of flow is one of the most widespread human disturbances of 
stream environments (Bain et al. 1983).A change in streamflow translates into a 
change in the water depth and velocity for amy specific location in a stream. Con- 
sequently, changes in streamflow can be regarded as modifications to the physi- 
cal composition of the aquatic habitat (Bain et al. 1988). Fishes that inhabit 
streams within the Project Area are frequently exposed to disturbances from 
floods and droughts and must persist in environments that are charactenzed by 
fluctuating flows. Changes in the pattern of these fluctuating flows can be viewed 
as a disturbance in the stability of stream habitat. 


Potential negative effects to fish and invertebrates caused by changes in flow are 
listed and described in Table 4-55 and Table 4-56. These effects include physi- 
cal, behavioral, habitat. and food changes that may occur if streamflows are in- 
creased or decreased substantially. especially during spawning. Increased siream- 
flows could make it difficult for certain species to migrate upstream to spawning 
and rearing areas, especially in reaches where manmade barners exist (such as 
dams and water diversions). Increased flows in rearmmg areas may also make sur- 
vival more difficult for young fish. Bain et al. (1988) and Fausch and Brambiett 
(1991) reported that the shallow and siow-water fishes were adversely affected 
by an artificially high variability in flow. Decreases im flow force fish that are 
restncted to shallow areas to relocate to marntaim the specific habitat conditions. 
Rapid increases in flow may expose shallow-water fish to increased predation 
because shallow shoreline areas become accessible to larger pescivores as depth 
increases (Bain et al. 1988). In contrast, generalist species that use mid-stream 
type habitats responded positively to increased vamabulity wm flows (Bain et al. 
1983). Very few scientific studies have addressed the changes to macromverte- 
brate populanons caused by changes im stream flow (Gore | 987). It has been as- 
sumed that responses of macroimvertebrates to stream flow changes would 
closely match those of fish; however, macromvertebrates lack the rapid re- 
invasion capabilines of fish when they live in an environment of fluctuating dis- 
charges (Gore 1987). More research ts needed to support the generai application 
of studies of macromvertebdrate response to instream flows for regulated flow 
management (Gore | 987). 


Stream flows are expected to increase to varying degrees in ai! |0 sub-watersheds 
that would recerve CBM produced water under Alternative | (Table 4-1) In- 
creasing stream flows could have both positive and negative effects on aquatic 
species. The mam positive effect would be to provide habitat to fish and macre- 
portunities for populaton growth. Increased flows may also benefit fishenes 
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where containment or flow-through ponds are developed for fishenes. These 
ponds could serve as sport fishenes or be used for breeding native species of 


concern with proper wate (ality. 


Table +55 Effects of Discharge Variations oa Aquatic Bieta. Potential 
Detrimental Effects of Pulse Releases om Aquatic Animals 


TS 
Effect Descmpuorn of Effect 


Flushing = Flushumg of amumais that are not adapted to high current velocites can ciimunate eggs 
and fry in channelized secboms «nth a pour Chane! structure. this phenomenon may 
de mereased. 


Limitation of benthic invertedrates Ov catastropin unit 


Dnt 

Habitat (hanges in morphology of the stream channel. as weil as Damk of sediment crosiwn. 
alter the compusiber of the bed xodaments. Thes aiteramea, in turn, changes the 
amount and Compusiber of aquate tauna High loads of suspended matter may dum- 
age fish chrowgh gill clogging or Cause amumais leave the affected arca. 

Food Foud depieton may lumit he mumber of organisms. Duminubon of dentine inverte- 

= brates may oc uf through cromen of penphyton or macruphy tes. Duminutiun of the 

fish populaner «ould then hollow Decause of Me reduced ‘oud supply 


Source: Moog 1993 
EE EE I TE 


Table +50 Effects of Discharge \ ariatioas en Aquatic Biota. Potential 
Detrimental Eflects of Sudden Fiow Reductiva va \quatic 


Agimals 
A 


Effect Descmpoor of E fect 
Physwiogrecal = Phy swologscal amutgiers of specees with 4 Ragh oxy gen demand under undinons 
and oft cow flow may de muinpied Dy deanmy if the CRanne! is shallow cnough oF Dv a 


Betas vorai lack of Npanan \egetanen. 

Lamaiene Behas oral lumitabens and wiericrences | ith feeding mec Namie induced Dy 
flow ‘such a net-speaneng Tochuopetera) 
Faunal Jepiepon Decausc of Catastrophe Unfit Caused Oy cou uns lo Jrougi 


Phy sacal raping and poswdic Seat of organs Dv Uesencaben oF phy uabon Jung 
Lometatons = dewatering of areas of the Chanme! sudsirare 

Har Cat Reva twas of [yung space dummy penods of low flow affect he pupuisiun we. 
Lumitamoms = amd may Oc aggravated Dv formanwe of Chanme! wimg |f the water is tallow 
Sat Depessbun of sill D8 recedtmg water alters he wudstrate Cumpessten anu 


heterogene:ty "hes aitersmewe, im turn, Causes 2 Range wo ihe sume: and 
Suemposvave of Dentin invertedrates. fish oggs. and fry 


Food bul Jepicnor Oy Jesnccamen of prema producers Uimmistes the pupuiaiun 
wze of Cortn funcbonal feeding groups of Dentin invertebrates. food Uepicbon 
ot benting inv ertedrates in carn Gimmorshes the suze of the fist popuigoon 


Source Moog 1995 


_Groundwater depienons may alter current instream flows in ‘solaied streams 
throughout the Provect Area These areas would be im shallow alluvwm where 
cual seams are near the surface and Could cxpenence reductons in stream flows. 
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Instream flows in the overall Proyect Area would not be altered by groundwater 
depienon because the affected aquifer 1s usually very deep. 


Aquatic species may be affected, as discussed above, by the amount of CBM 
produced water discharged to the surface under Alternative |. especially dunng 
penods of low flow and spawning. Based on the preferred habutats of the fish 
found within the Proyect Area (Tabie 3-57), it is likely that an increase im stream- 
flow would favor species such as the longnose dace. shovelnose sturgeon, and 
sturgeon chub. Other species tha? favor slower-moving streams, such as the black 
would be negatively affected by an increase in streamflow. 


Sedimentation 

gravels, umpair sources of food for fish (macrowmvertebdrates), fill in rearing pools. 
and reduce compleaity of the habetat in stream channels. Large quantimes of sus- 
pended sediment can also make « more difficult for fish w find prey and can 
cause direct physical harm, such as clogged gills. In some cases, anthropogenic 
disturbances that result in hydrologse modifications can cause sediment deficits 
that create stream channe! scour ood cause loss of habitat structure (EPA 1999). 


Erosion rates wn stream channels mecrease along with msiream flows, which may 
augment sedimentanon im streams. [ncreased sed?mentaton can affect aquatic 
resources by filling mtersmtal (imtergrave!) spaces and pvol habitats. This in- 
crease in sedimentation can reduce the availability of suitable spawning and rear- 
ing habitats. Aquatic macroiwnvertedrates are also highly dependent on intersntial 
spaces for different life stages. and sedimentanen can cause large decreases in 
candidates for monitomng sediment conditions in streams because substrate is 
belreved w be the most important factor in regulating invertebrate distribution 
and abundance at the local or reach scale (Zweig and Rabem 2001). Changes in 
invertedrate communities caused by deposited sediment can be difficult to isolate 
and quannfy because they often accompany other modificamons wm the stream 
such as removal of mpaman vegetation. alterations of flow and temperature re- 
gimes, and sutrment enmchment (Zweig and Rabem 2001). These community 
changes can be detmmental to fishenes that depend on macromvertebdrates as 
pnmary food supphes anJ can change the abundance and diversity of fish popu- 
lations. 


Increased sedumentation may also reduce productivity of, or eluminate. rooted and 
unrooted aquatic vegetation that many species of macromvertedrates and fish 
depend on for food and habitat. worch may reduce populations of fish and macro- 
mvertedrates. An merease im sediment load in the streams in the Proyect Area 
may have an impact on fish and macromvertebdrates and their habitats. Zwerg and 
Rabem (2001) reported that the density and taxa nchness of benthic invertebrates 
substantially decreased in three of four Missoun study streams well before 30 
percent dep sited sediment was reached As deposited sediment imecreases, the 
community structure and diversity can also be altered. Community changes gen- 
erally mvolve a shift im dominance from Ephemeroptera. Plecoptera, and 
Trickoptera to cingochaetes in general (7 werg and Rabem: 200! |. Management of 
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the mpanan zone has a strong influence on the degree that streams bebave as 
sources or sinks of fine sediment (Rabem and Smale 1995). Using a buffer simp 
to stabilize channels and coilect extra sediment dumng high flows could be an 
option for muigating the effects of siltanon on stream fishes and macrounverte- 


Recerving waters im streams and mvers may become less turbid because produced 
water is relamvely low im sediments. This decrease could be detrumental to fish 
that depend on turbid waters and may allow for more aggressive invasion of ex- 
otic species. However, most of the species within the Powder Kiver are tolerant 
of wideiy fluctuating environmental condimons, such as turbidity. Naturally oc- 
currmg turbid waters are generally weil downstream of CBM discharge pounts. 
thus, turbidity would likely be at near-natural levels when CBM discharges enter 
waters that are more turbid. These effects would be minimal and isolated. 


The proposed addition of more than 17,000 miles of new roads w’” =. the Project 
Area would likely lead to increased waffic volumes and subsequently higher 
amounts of road dust in all sub-watersheds within the Project Area. Roads allow 
tor increased runoff that leads to increased sedimentanon. Increased sedimenta- 
non from roads would be most noticeable dumng storm events, for example. 
when wind blows dust from roads that may enter drc:smage systems. 


Site-specific information on rates of sediment deposition was not avaulabie for 
the watercourses within each sub-watershed. However. based on the assumption 
that sediment deposition will increase when CBM discharge represents a greater 
percentage of the minimum monthiy flow of the affected main stems within the 
Project Area, the Upper Tongue River, Salt Creek, Middle Powder River, Upper 
Powder River, Clear Creek, and Crazy Woman Creek would not be expected to 
see noticeable increases in sedimentation. Impacts to aquatic species within these 
watercourses from sediment deposition would be minimal or non-existent. The 
other seven affected sub-watersheds may see notceable increases in sedimenta- 
ton, especially during penods of low flow. These sub-watersheds are the Little 
Powder River, Antelope Creek, Upper Cheyenne River, and Upper Belle Fourche 
River. Aquatic species im these sub-watersheds may be affected, as discussed 
above, by an increase in sedimentanon. Based on the preferred habutats of the 
fish species found within the Project Area (Table 3-57), it is likely that an in- 
crease in sediment loads would favor species such as the black bullhead, com- 
sucker, sand shiner, sturgeon chub, and white crappie. Species such as the brassy 
brown trout, brook trout, cutthroat trout, Yellowstone cutthroat trout, rainbow 
trout, smailmouth bass. and walleye may be negatively affected by an increase in 
sediment. 


TMDL is the amount of pollutant a stream can acvept and sll meet designated 
uses. TMDLs must be established for each pollutant, including sediment, that is a 
source of impairment in the stream. To date, WDEQ has not developed TMDLs 
for sediment in the sub-watersheds located within the Project Area, but TMDLs 
may be required for sub-watersheds that show impairments to water quality from 
increased sediment loads. 
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Salt Concentrations 

Increases in concentrations of salt can alter the algac and macromvertebrate 
composition of streams and. if sufficiently elevated. can change the abundance 
and diversity of fish species. Parameters such as EC. TDS. or salinity are used as 
a measure of the concentrations of common ions in fresh waiter (Mount ct al 
1997). The toxicity of water high un TDS to some aquatic imvertebrates depends 
tion and concentration of amons and cations that make up salinity (Goodfellow ct 
al. 2000). Toxicity 1s affected by the tonic composition of the effluent as wel! as 
the species and life history stage (Chapman ct al 2000 and Pillard ct al 199%) 
The EPA Phase |! Toxicity identificanon Evaluanon (TIE) can be used to meas- 
ure concenirahiecus of specif inorganic sons Most effluent towcty testing meth- 
ods generally do not attempt to scgregate the effects of salinity oF sonk strength 
on test and species performance based on cost and mung Mount ct al (1997) 
developed models to test individual and Combined son toc) on im cnebratcs 
such as C dvhia and D magne and vericbrates such as the fathead ounnew (/” 
promelas). The models followed the genera’ guadelimes of the EPA tor comduct- 
ing acute whole cffluent toxicity (WET) tests (FPA 1994) These madich cam be 
used to proyect changes in toxices that result from madificanem mm mdustnal 
processes. cfluent treatment. or other remedial measures As 2 general orocnang 
tool, the concentranan of TDS can be high cneugh % adverch affect trestre ater 
‘owt specees if the conductwaty of 2 freshwater cfflucm » showe DO) eSiom 
(Goadtellow ct al 2000) 


Little informanen casts un toucety of TDS to anganeem other than ( dates /) 
magna and P promeias, however, Chapman ct al (2000) conducted oxsceh terete 
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Concentranem of TDS twpscall) cxcecd fix scoandan Gremimy «ac andar 
S00 me’ @ mos of the Prgect Arce Noeth S porcee of Ge TTS concent 
bom Mmoenwted a! wate’ gual monte ame ow ote Pree {roe Qo 
LOG magi (Lown ct al 148) Bentix mactermoneteme and Se tun otha 
these waters have adapend w thee chewed cencettratem 6 TTR onoont 
nom of TIS CUM Gracherge tange feteoon 7) and 2D) omg | Tate § D 
Dewcharpe: taghe thar > 8) ag lou came adver often a mc etictrmn 
@ dcxcrthed Chapman «2 | SR, 


Seber: prowect’ ter ( BM preduoed eae Gift trem the of eet rocon mn 
eater Wher meng eth Gecharpe oo RY pradmoer © mt metriee ele 
*. =» monered EC @ ccormeng eater © grednted we moreeer of te Line 
Teper Rewer Cram Wem Croc Olea (rect. antl Mieddlic Peder Reece a> 
waterwhed: Gury jew Sew Sahoo cemecant by decrement gm Poe 
Ge Rewer, Lattice Powder Rewer Sh Cree Semeee Cree (gee ( heecreee 
Rewer and cogyer Betic Ceurct: Ree ath emer hem pew flow 


Aga QRocee fa CYReTOR Cfecm fren the reedicees Changer oo ashen me 
Granmeed fer weds tte Kole fet pereet on Seb reeset oe er fae 


i 


BEST COPY AVAILABLE Ww 


asiiiel Neste 6 FU TES _rEQe aR 


head minnow flathead chub jongnose dacc pigum munmow wand stuner and 
white sucker are ai! lukety toteram of hagh sadenitees and would be more toicran 
of mereases in salemety om other wab-watersheds Otter qpocee found « ither the 
sub-« atcrehods uth bower welenstac oagy be bow toderamt of mc rome om waleme) 


A socom study ™ the Montane Deparument of Peak. Weidbeic and Parts (Sian 
200) ) dewcrtted Comcerm retstumg to sade tecarhowmtir toc to agusta tnt 
m the Powder: and Tongec Ric fut amd macrouemeonctvme Jowkd hk ange 
uve affected ™ chovated ioweh of Dacarhome @ Ger POC my et eed 
( omogmirsber u! tucarhomasrc an pomctaihy tage Germ ioe Sloe ame kruc” 
aurmg mgt flew rowiung @ proc aoe and chmod cfixm a 
aguetx letr Gurmg kre flow more The wads sayggews Sue te attomamic i oh 
showis tk manner’ to thew potorms cftach om agus. ok cupocuh fd 
Lom mmadorec amd fagh peothaiteln Groewhedds wor meadcion’ fee cach reer we 
osm? the Gm te Gy igthoad wemmes Tow fmm oat tho tk ponetal!: 
pte’ w cue qecom of fh Tier Geese: could te wand we cee «© 
Tonner peagrer ter toethenac oot wh amore oth Promo | (roe 
the eowtd coco ( BM peatucod «ac 


@ adder © wilh adfcd Gro & wri Gamage (BY peadmoo! «mc 
thar er cot CtEMmApO 4 wee Comer an? GoRee qate co seh fhe agi 
ee i eT’ 
a BM pretacod mie. decharped one man fe rolemeed Hm surtao: Gremape 
(ae greumde mer or com afi the Geechee MR Cope tet mores 
me, om ete nape ane pencrel athens fet ome macrem cry 
ate 


em Cemtretren of Meta 
i 
Sreeecee 8 riartae Cottier fia currrememddemy mgamite cr cereerrmety | qpienmentervee 
er ame pone adagmater Clore GR Thy piesa ame gerUTte 
rRoctanterer: reagent ober feito: orem Cen weet agmth: neem | eer 
vtethee he Geoumenter oo madden os ither magbcetmm femmes fhe termetiee oo 
et iar i te 
ant connie 9 cette amd (howe O88 Pieikes ame Wii OWT" 
A ae ee oe 
Oe aoe a cenEee fee gre Mee igh mi rcsereroere 
a ee 
chee Reenter fet Cferenre cogmesseer cf rime flee. 6 etrowr men 
ee ee 
teem te 0 Pee 


ew 8 eee ge FPR gerteoe weer er fie Pig fee em tere Seer 
ee 
age ter at egies erent wetter fe Pree See (8) ccerer@tere cote 
Daa cheelnetien sith eeehes he oe a ee eh ee 
Ce oe 
1 mere ae germ tagger daorem, cow fee ame tome dnereme tegtt flvwe 
voceesttemg 6 mEeRT mwrerrtRmneterne: diners te forew Fee etemneneee cee bear 
ee re 


- 2 at i 


aS) COPY AVL ABLE 


ia Zr on 


@ and Gcath (Lom amd Semed (987) ( omcomtrencm gromc: tr 2 ok Song Lo 
Sak ar Clee wot tanture or cmartain) of fit Chrowgr Mem em ste 
> Oe town Cte com aed Net RO) Nedra car ere or rey 
™ anpemem can fend Oc ptacwiek ene of Car romper fhe wwe So 
war enue acjoumuieO @ fx tp lee of wodeme am act Nocti oe 
Gee fe Cwcted feck ome Ge tects seed comme © chard eh ber coer after 
mger tee egg’ Lom amd Semeb (@57) Geom’ dh Geewy eaten accu 
wx tow wioene Gur @ ending waar Gut beer toe Seterg cer ane 
een mt eee of dhadbes ongmem@mon amd ecciamdh) he © tee 
Semen Com and aece (cm and Senet (7 


a ee 
(re onoouTE ow mTOR oe whem rade om oth 
comet Seton oct) cont Rede tech tee fet eer fk th or 
se PS emo gme? Tr GROCTTEe 6 actor 0 LATTE erg 
ee 
ee ee 
ee 
he NITES ceemcereng roger rmiacn ter actos fecmeme coo fen Cum 
ee 
fee rece BY ered em ome mmmeeme: CMeCt frre tec Cuemmantaiee 
a 
wfliocwe, aah eure meee ow afinceee to nactemse actor ope ote 
TO eee NOW qeerree cus cotittedt Reece omnmeen oA o 
a ee 


Ame eee Po 

Beer covert ce ethos” greewwott  emeniimsheerr represen teem) HRT Erm em 
the Geert oa dee emcee \ eemete amt Smee (EE he rragrerreae 
ee PRE eee See em ath Shee tierterm 6 crnEerrernee 
i ee MM 
Ce ee 
ee ee 
ane eee wttivee fie Freee eee 


he trvmmeresteer ce FRR Gienettemege ecutee caprere froremagtiece fhe Prem me eee 
Ce ee 
weotttvee flee Prremmee Corme came eapege free FP dugreme corm 6 more deren 
reer themetiven Rage fF SOIREE eR mer creme rman he 
Sete oe gmomata ee fe tom teen eo TE Meter 


ee ee 


Sere tame ee 
ener 6 hepa Dahan ti tha. aol aie ae ee 
Ca Ee 
MEE FOIE fe emeermne malene BEI stems oe mie PT 
eer Fre nee Ber ferme ie meetin re edhe fee omy eri Siem Flees 


ee 6 Eamonn Conamqumnane 


Specres Drversity 

As peevroush Gacemeed the cfioce . (BM om aguatx gece Gxt a Change 
@ eae flow teers wxhemeenstece, turtadm and Jom cmtramam of sal 
amd mactak cowhd func at cfte op all tow ieweh of trade cre (gometx pepe 
on Oe Comma commen and im@scape) The cect of tho co 
tects woud mcrease = tho: Oomdesem rome altered ber lope pote Thc 
tonper BM peeduced eaacr cmecn dremagr tc taghc th peotuatebe, tor wah 
aqumw eGo w gor Geen oc lp poram « damage Pouca 
change: qe Grcrem eeuki fh otk gromew unde \ietmatec ocee 
thee alton woke hae fr gross cA” ce agus Coo) SCT 


“rere owner) Wate omit & Mec te 

The camer of Cece amd Meersate heed Gre ceaned at tract & sac tea 
(rareo WOR etc? ame the eee gusit © aoe anf cecn ter cre 
Means trem © vermin el met Cone? ao femme fF teom cae ORY 
rea@eced war Gectuepe oe B cememg  Nehcn rmgamar omcesamr © ome 
hot pm te creer fr © ako Guam eke mer fe Gograded <ehetarma! @ fhe 
wera feeeer Bom am Merman (nmcnde &. 


der Serene 2 Cee geen ceeeeetine of (OOM weet ceed Gee cee cette of 
weur peatatet wow eocer a umd Abeer 0 Qteemgtee: © 8 meters 
ot heoreer tunmediiems tec fermegear: ter fie presen oe © ET mee auth © mente 
rr ciag Gewctre EM mer reetitrramreceeorregpeensemd@rmce Qype 
rae oer ce fie peregmeeane wilh wets Chemung perenne ww atem ect tte 
erties ame 8 perroets weensshe Gheacttuange peresdiemce weameer e: certfergtece rreeen) cer 
ee 
one ert: Tet ct 8 agi we geet: ween Teorm:  prresiencee © ate 
ek oe 
a A ee i el ed 
ee 


Cmeng ant eaerntim c Lremmn f emes 

Wrrewer few: cagpepeereneters ft FUN eae eos mre mom agree 
freer temmetieme comedienne: corde (Sferrwmtrees fhe gamer ermgree Breer Net 
ce ee 
ee 
ee ee ed 
Biever ome gamer Fete freee Bie cath eerste cee ee mettre oe 
weeeees er errewer forme. Garren fee flee  Saenste age om fhe cath me mtrcnetere 
te teers ae Miereeeend ater come SS ferrmptee eee Oe degree 

SI ee 


a 
Pecneeeme 6 ommtlite ccetmerme 6) BOND perenne meatier werent: fe choker fcr 
eee remem rete ferme ie eg 6) eretrnerenmereet reer em 
eee woe ee finer ome ferret: fifteen) fe gm emewtres 
a 


#57 COPY AVAILABLE = 


OfNange © Somoctirsmem of wt @ ertaxc eam fut coor: ( BM pendacod 
omc tou ate Wolo unde Acoma: A thee ua@c {oon | aftug? 
te OVO Of memctsas oct eonsd Ne comet Neb ecw Chm oa a 


me emer ewe ake te oma (eens 9 4 ter ame Uncone 
attest fe Heyes oe FECT TM ene Sem CTT man 
oe erwld chang @& Goaried am@e “Sooners fe hf ee Gog una 
Atowmes 26 Retmed mamma fet ant mater cmicte ms eke fect 
ee ee 


Noetie of Fee come Orilitems Steer 

The peemeeece ter quel ov tee me Geiliemg flea nfl mt ame ren ome 
formes wornget fer vedere rede SM ieecrmeee 8 cepa © ett erm 
er 


‘oy @emage 
Nees Seen 


So pews Gece fe fee BM ate omor age Gee et ee 
RR me tee orem eenebrrmertremrece cerrPnegtey ame me EET ame 
a ame ert tee fle ee) ter eet teeter ge 
ee ERT Ge SEE me eer eter Meee mm 
tree Abe cansee ee em Aime camebeteee ccrmmmer aeftenree tee ome” mem eenet 
te ager BER renters Se cre Greer fe gore oh prretre 
Oe le ee Ee a 
RE em deere ert fe cra comme Stem foe Steer | 

Oe i ee 
Te REET eee ceberre come five pteernmt 


a I 
we predketes woeett fe pesos! coo cee Starrett Stereo 
vee GyFleree: cesta oc temmdfieng fhe operat eer net 
Sere prem ome PRONERNNRTTT ime lemeimge 0 r//frretecm  rrgpernerner 
ert Re rrr meererwr ot fie perme eerie nets Gee Gamage per 


ee + Ewoem™ es 0 sequerces 


@uced water on the surface and 99 percem would Guscharge produced water to 
wmftrapoe roscrvoers Ten of |§ sub-easersheds woulu rocerve produced waicr 
Effects © weecr quailty would % wanda tw Alternative | bul propecnonaich 
lower because of the reduction = th volume of produced water dcharged wo 
swrtace Gauage: and the proporbor of eater to undergo active Ucalment 


Temng and Quantrty of Stream Flows 
blows suppicmcmod & (BM produced eater would merce ‘Torr Rasch Coe 
@mors under ARermate 2B The Upper fomguc Rewer. Salt ( reek. Clear ( revi. 
and (rary Sommer ( cock e>-eaecrsineds eowkd at «cre motaccetic moro 
scam flows Gurung bow flow The Upper Poader River Maddie Powder River 
Latte Powder Rewer. Asnciope Crock. Upper Chcyoame Rewer. and Upper Bellic 
Source Rewer sul wamcrwhods mu wx nomoestie moroes of scam “ows du 
om we foe Agua goose & thew at eserves mw & aff » a 
cummed show ander Alternates | bowewer. the degree of he cffect would Oc iow 
anée ARcrwser (8 tue aed ANerast< | 


SEMEN ED 

Roca 2 emetic cote of ( BM peadeced’ eaic sae % fctarped © 
ar @emage wmace (owen OR Oe age « caer fo mcm a 
cet ecw once fe unde (Ror) eRe? f& SRO «macnn 
ompect would be come The gg “emger Beer Ugne Poedr Rec Sat 
Cee, (cers Weer Crock, Clee Crock. aed Meidie Peed Beer would ae 
<<  ca™ FAT O° OOFECTREZD amt ou 3) agus GR ewe! 
he cee! os seecenmee The Lote Peed Reece Aceciege Comck lpg 
(Wowomme Beer ome (gee Bok fete Ree a emt me er weer 
ae more oe ao@emr teem Agee gee oo teow cot © mio ow 
ww @ Gewese see moe oo erecta Cer mmm: © cere 
~ ieee’ ew tha uma oe 


eC ete ov et 
ek ad 
emer ere ee eo Ameer: OR ther amie Coe Sieg tf 
i ee 
enar Saerwee 0 he tee Rage ecrmd aw woe coer @ngee cma 
corre OR er ee ce fee progeee cf eae bo ump ah" eee BL 
a es a ee 
me ND fare emer terre 


gr eee oc ee oe arty emer fa mr Re 
eo 
Seeekeagtt eee RTE FPR TE Seenneee Me SerRESRE | SRRCREPTENTENERR or Perrin 
ow Reng & doe ter emai Siew he ee Gage ame 
ee ee 
eer gp eh ee te rretere oe eet feerErter hm emer 8 fer 
=e 8 


Ga e— 


Eowwonmerts: Consequences 


Spéits of Fuel and Drilling Fluid 

The potennal for spells of fue! and dmiling flusd to affect fish and macromverte- 
brates would be reduced under Alternative 26 compared with Alternative | be- 
cause less CBM produced water would be available to convey pollutants to sur- 
face dramages. 


Specses Drversity 

As previously discussed. the effects of CBM activites on aquatic species, such as 
changes w water flow. temperature. sedimentanon. turbidity. and concentranons 
of salts and metals. could have an effect on .dl four levels of beodiversity (ge- 
actc. populahem species. communsty ccosystem. and landscape) The seventy of 
these effects would increase as these Condyhoms remain altered for longer penods. 
The longer CBM produced waters enters dramages. the greater the prodabeiity for 
swistannal effects to specees diversaty over large pormons of Tamages Potennai 
changes m specnes diversaty would be samelar under Alternative 2B to Alternative 
|. wlvkoagh they would cocur at a lesser degree because of the reduchon nm im- 
met OO Agu COOsy stems under the altermevne 


Abternative 3 
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low flows. impacts to aquatic species within these streams from deposition of 
sediment would be minimal or non-existent. The Little Powder River. Antelope 
Creek, Upper Cheyenne River and Upper Belle Fourche River sub-watersheds 
m these sub-watersheds may be affected, as discussed above. by an increase in 
sedimentation. but impacts would be substannaily less than under Alternative |. 


Concentrations of Sait 

Changes in concentrations of salt in surface waters that recerve CBM produced 
water would be less under Alternanve 3 than under Alternative |. although the 
types of potential impacts would be similar. Salinity would change as descnbed 
under Alternative |. but to a lesser degree under Alternative 3. Retated impacts to 
fish and macromvertedrates would therefore be less under Alternative 3 than un- 
der Alternative | 


Meta/s 

Changes in concentrations of metals m surface waters thal receive produced wa- 
ter would be less under Alternative 3 than under Alternative |. although the wpes 
of potennal umpacts would ve similar Concentranons of metals would change as 
described under Alternate |. Dut to a lesser degree under Alternanve 3. Related 
umpacts to fish and macrouwvertedrates would therefore be less under Alternative 
5 


Spélts of Fuei and Drilling Fluid 

The potential for spills of fue! and dniling fluid to affect fish and macromverte- 
beates would be rec anced under Altermanve 3 compared with Alternate | be- 
cause less CBM piaiueed water would be avanlable to convey pollutants to sur- 
tace dramages 

Species Diversity 


As previously discussed. the effects of CBM activites on aguatx species. such as 
changes in water flow. temperature. scdimentanhon. turbidity 2~ .uncentratons 
of salts and metals. could have an effect on all four levels o: beodiversity (ge- 
net. posulahom species. community ecosystem. and landscape) The seventy of 
these cffects would crease as these Cundibons remain altered for longer penods. 
The longer CBM produced «aters enter dramages. the greater the probability for 
wwhstannel cflects © species diverwty over large pornons of dramages Potennal 
changes im spocees @versuty would be sumelar under Ailternanve } © Alternate 
|. although they would oocur at a lesser degree because of the reducton m m- 
Pacts 0 aguaix cousystems under thes ailermatnc 


Cumulative Effects 

Current mapor eed uses @ the Propect Arce chic ivestock grazing. agrxui- 
care meen (© BM ges dev chopement. and comyenmonal ov zad gas development 
The propesed prosect sold Contribute © omgoeng effec w agustx fe from ai! 
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tons in stream flow. fluctuations in sedimentation, increases in concentrations of 
salt, increases im contaminants in waterways, and changes in water quality, habi- 
iats, and species diversity. Each alternative would contribute to cumulative ef- 
fects m varying degrees, as discussed above. 


In addition to an increase in flow im the sub-watersheds that recerve CBM pro- 
duced waters, coal mines im the Proyect Area discharge water from pits into sur- 
face drainages. Coal mine records for the Project Area indicate that water is gen- 
erally discharged from pits only after storms, when the quality of the coal mine 
discharge water is simular to the quality of receiving water. These discharges 
would not affect sedimentation or water qual. . a large degree. but would add 
to already increased instream flows dumng high cunoff. Coal mines are located in 
sub-watersheds within the Project Area that include Upper Cheyenne River, Up- 
per Belle Fourche River. and Little Powder River. These cumulative impacts 
would affect aquatic species im the same ways as were discussed above. After 
CBM development is completed. flows would :eturn to the current regime. 


The proposed project would lead to an overai! increase in sedument load in drain- 
ages withm the Proyect Area and would contribute to increased sedimentation 
caused by existing land uses im the area. Increased flow of CBM produced water 
and sedimentanon related to construction of new roads would be the pmmary 
contnbutor to increased sediment load in draimage systems. Much of the sediment 
produced by the project would be collected im ponds and reservours throughout 
the Proyect Area and would likely be flushed through the draimage systems for 
years after discharge of CBM w ct ceased Increased sediment lead may also 
change or eluminate existing hab«tats for fish and macrowy ertebdrate over the long 
term. these changes in habitat may favor exo species over native species. 


Agneulture and livestock grazing are currenth, the primary sources that introduce 
salt w surface dramages. and CBM produced waters would contmbute additonal 
salts. !n addition to salts added directly to surface dramages. CBM produced wa- 
ters that do net reach dramages (for example. as a result of contamment. LAD. 
and wyecton) will evaporate and deposit salts m soils throughout the sub- 
watersheds. This accumulanor of salts in the sotls wii] comtunue as long as CBM 
produced water 1s discharged. These salts and may be reicased into surtace dram- 
ages and groundwater for years after des harge of water ceases. further imcreasing 
salty im surtace dramages and potentially affecting fish and macromverte- 
rates. 


Water quality would contimuc to change throughout the Proyect Area Doth dunng 
and after the life of the propect and potennaily would continue Ww affect aquatic 
inte m dramages already affected bv custing land uses Long-term effects to wa- 
ter quality that would connnuc after CBM wells ccase discharging could include 
imcTeased concentrapons of seiemmum. Mcarbonate. and other salts. and dimen 
load Propect adherence t© WDEQ-csucd NPDES requirements are expected 
cummuze long-term cflects t water quality and aguatc bfe Because w>- 
watersheds m the Propect Arca would be subpected W 2 wancty of chemucal 
sressors durng CBM development and producbon. potcntnal macracbons o- 
tween effluents hagh in TDS may ocgatvety affect a vancty of aquatx specoes in 
specific cases where acwe ciffects on aquatk orgamesms ae. served. cvaluanon 
of the compownon of the sate: essing Doth alin) and ungie-on modets may & 


rap 4 FER 4+ es 


BEST COPY AVAILABLE m0 


Cnapter 4 — Enuronmentas Consequences 


a way of quickly screening effluents for potential wa-reiated toxicity (Pillard et 
at 1999). 


Ad of the cumulative effects may influence current species diversites of fish and 
macromvertedrates. Long-term cumulative effects may alter water quality and 
fish habitats to the extent that exo™c species can inhabit these streams and mvers 
more effectively than native species, leaving more exotic species and fewer na- 
uve species. 


Alternative 1 

Under Alternative |. cumulative effects would be highest in the Antelope Creek. 
Upper Belle Fourche River. Upper Cheyenne River, Little Powder River, Upper 
Powder River, Crazy Woman Creek. Clear Creek, Middle Powder River, Upper 
Tongue River, and Salt Creek sub-watersheds. This conclusion is based on the 
imerease in surface water flows caused by discharge of CBM produced w ater and 
the percentage of CBM discharge in relanon to the mimmmum monthly flow De- 
velopment of new roads would also contmbute to cumulative effects m sub- 
watersheds that would not recerve discharged CBM water. Alternamve | would 
have the most cumulative umpacts of the three alternatives. 


Alternative 2A 

Under Alternanve 2A. cumulative effects would affect the same sub--watersheds 
as Alternative |. Although the types of potennal ampacts would be sumular, cumu- 
lative overall impacts would be greater under Alternative 2A than Alternatives 
2B and 3. but less than ARernative |. This conclusion ts based on the mecrease ip 
surface water flows caused by discharge of CBM produced water and the per- 
centage of CBM discharge im reiamon w the manumum monthly flow Develop- 
ment of new roads would also contrduie to cumulanve effects in watersheds that 
would not receive discharged CBM water. 


Alternative 28 

Under Alternanve 2B. cumulative effects would affect the same sub-watersheds 
as Alternatives | and 2A Although the types of potennal impacts would he simi- 
lar. cumulanve overall umpacts would be greater under Alternative 2B than \!- 
ternative 3. but less than Alternatrves | and 2A. Thes conclusion os based on the 
merease mm surface water flows caused by discharge of CBM produced water and 
the percentage of CBM discharge in reianon to the munimum monthiy flow De- 
velopment of new roads would also cuntmbute to cumulative effects im water. 
sheds that would not recerve discharg.d BM water 


Alternative 3 

Under ARernatve 3. cumulative effects would affect the same subd- watersheds a 
Altermanves |. 2A. and 2B. Although the types of potential umpacts would be 
ow lar. Cumulanyve overall umpacts would be less under Alterngurve * than Aiter- 
om: aves |. 2A. and 28. Thess comchuson ws based on the merease wm surfers waiter 
flows caused by descharge of CBM produced water and the percentage of CBM 
descharge im cclamve %© tk minemum mvnthiy flow Development of new roads 
would also contmbute © cumuianve effects in watersheds that would aot receive 


drecharged CBM «ater 
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Threatened, Endangered, or Sensitive Species 


Powennal effects to threatened. endangered. or sensitive (special-stafus) species 
would be sumilar to those descmbed for vegetamon and wildhte The nature and 
extent of effects to a specific species would depend un life brstory and habitats 
used. Darect effects to special status plant species would occur from disturbance 
or removal of individuals or populameons from consiruction of well pads. com- 
nes. and roads. Indirect effects to special status plant species would include an 
‘mcrease in the potenmal for introducton and spread of noxsous weeds that may 
displace nanve plants, and alteranon of destruction of sutadie habitats caused Dy 
changes im water quality and quantity. 


Effects to special-status wildlife species would imclude: (|) direct myury or mor- 
tahty. mchuding poaching. potsoning or trapping. (2) indirect injury of mortality . 
wncleding effects from water disposal. clectrocunern y or collisions with adove- 
ground unlity lines and poles. and cuilisivns with vehicles. (3) harassment or dis- 
placement of individuals durmg proyect phases. and (4) direct disturbance. de- 
struction. or fragmentation of habitat: > the result of development and produc- 
fectveness of the habstat, The magnitude of effects to special status species 
would depend on a number of factors. including recommended and required 
mingation Measures. 


Direct disturbance to the habitats of special-status species would occur in cach of 
the | 8 sub-watersheds and under cach alternative. Ineirect effects. including dis- 
placement. would occur in varying degrees dumng the cunsiruction. production. 
and decommussieamg and abandonment phases ef the project. Species would 
avo areas and move to other locahoms im respomie to the increased leweis of 
human activity. equapment operation. vehrcular traffic. and nome associated with 
all phases of the progect. Thss avordance could result w the under use of other- 
wise sustable habitats depending on the extent of the disturbance (in Doth ume 
and space). The value of these habetats could be dirmarshed Addimonally _ drstrn- 
bunon patierns could be altered am’ Competes fur resources could be increased 
m unaffected habitats. The degree of haDetat avoucance would vary among s7<- 
ces and among individuals of amy spoces. Mitigahon measures expected to 
clumenate of minimize poteanal effects w threatened and cndangered wiidlite and 
plant species are provided at the end of thes chapter 


The comparseon of Alternanves |. 2A. and 2B 1s solely based on acres of surface 
desturbunce that result from water dispusai Decause of the equivalent number of 
proposed wells. roads. and other facthme,. ARernatves |. 2A. and 2B cach pro- 
pose umelar numbers of CBM and nvn-CBM wells. Therefore. potennai effects 
wo hadetats of special-status species would be sumelar Desturbdances that result 
from methods of water handling are nut cqual among these alternatives. A !terna- 
uve | would affect 77,009 acres. Alternative 2A would affect 36.263 acres, and 
Ahernanve 2B would affect $2.65} acres. Alternate 3 differs from these aiter- 
natives by proposing a lower number of wells. roads. and facimes. and subse. 
quently requiring a lower capactty for disposal of water Alternanve } would re- 
sukt m the addineoe of fewer CBM and con-CBM wells. resulting m effects © 
38 percent fewer total acres than APerwetinves |. 2A. and 2B. Methods of water 
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handling under Alternanve } would result im the disturbance of | 4374 acres (be- 
tween 40 and 53 percent of Altermmamves |. 2A and 2B) that couid affect habitat 
for sensative specees, which 1s also less than the other three alternanves. in acdi- 
nee to the discusszems below. more detan on te analysis of listed species is in- 
chuied m Appendm / (Bolognal Assessment) and Appenan K (Biological 
Opinieoa + 


Species Listed by USFWS 


Biack-footed Ferret 


The potennal for direct effects w the black-footed ferret ss munmmal Nec; pe~ula- 
bems of thes species are known in the Proper! Area. However. disturbance to po- 
tential Diack-footed ferret habitats that cust within Diack-tasled praume dog cvio- 
mes would occur Most of the larger prasne dog colomes that would be capable 
of supporting ferret populaners have Deen surveyed to rule out Me presence of 
the ferret. Any colomes that meet USFWS guidelimes for potenti Diack -footed 
ferret hadetat. and that have not Deen previously survewed. would be surveyed for 
ferrets. No activites would occur in amy colonies Contam ferrets. 


Bald Eagie 


inpary or Mortainy 

Bald cagies may be affected w ~<veral ways. Construction would net cause direct 
myury or morality w dald ragies because cagics would aot be in close proxy 
w constructor. Mingatwa measures included as part of the achon would |ymit 
new surface disturbance and occupancy im daid cagie nesting and winter rousung 
habitats. further mane “ng the potential for direct imgury of mortality to indi d- 
ual cagles. Another source of injury or mortality w cagies may be from inten- 
venal of ummeicnGonal shovong. pomoning. or Tapping Because the project 
would result m an mecrease opportun. s for exposure of bald cagies © humans. 
these sources of myury or mortality may merease Over CUshirg, pre-proyect levels. 


Unlity Lime Electrocutton and Collisions 

Construction of aboweg sund power lines may result ™ collsiens of clectrocy- 
homs causing impury or mortality to bald cagies. Since 199". the number of re- 
ported collswas and clectrocutons tor Daid cagies and go‘den cagies im "he PP 
has steadily creased (Seacross 002) Several specific measures have been w- 
cluded as part of the proposed actor © mmmuze the potential for cullisnn + 
electrocution, such as: (|) Duma! of utelity lines. 1f posseble. (2) avonace of a 
cas where raptors may frequently bunt (for cvample. wetlands. praine dog tow ns. 
and sage grouse habuat), and (3) apphcamon of APLIC (1 994_ 1996) standard. te 
ime spacing. conductor layout. and uthty pole construction. A monitonmg pro- 
gram intended to cvatuate the effectiveness of these muitigaton measures & uid 
be meluded as part of the propused action. Informanon from the monitonng pro 
gran ‘vould be used % evaluate and modify. if necessayy. hese Migatwr meus- 
ures: 
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“ebts! Orsturbence o Destrector 

ow sutlace Gnauthnene uo feds Cap ROWINg BRC SET FOOTY BTOa © ue Me 
roared wetter quoceh. thadfie come amd Gury Rooms tame bh scm Cec. 
Gren: flwwce Guautnwmo: Cauend & Comirechem ols romd or Nutod ult fim 
me aojow om hates sumac hor mow BRC wet roowtemg Th Greturtaen . 
would he unoeemmen and wauid acow anh ono athe shgnmoms wor man 
amc Tk promonnd prope eowke COM eth wac-gpocit., temung femmtaticn 
anc miagator measure tor surtac” Gnaurhano: a ademuhed during pre” a 
orf comautanon wath the USFWS Nesting and roosteng eta may ate oo 
hits: cffects caused Changes @ jaca! water gual enc guantm the would 
result fram drwposa! of water ( amstruchor of proyect facie, motuding wel 
fads compressor aghom raads and surtacc wale impoundment would drsturt 
or destroy a vanety of terrestna! habtat. mctuding some that may fc surtabic tor 
foraging by held cagics The proyect would dreturh on destroy terrestna! hatetat. 
thal suppor tvymcal prey Some species of prey may respond positively to thesc 
changes m the habutat. whereas others may cupernence negative cffects Overall 
the coliectrve drstribunen and occurrence of prey for the haid cagic throughou! 
the Project Arca would not cxpenence effects at a scaic sufficient to reduce over- 
all avantatulity 


Methods for disposa! of water may affect aquatic habitats used for foraging by 
bald cagies. The effects of the increased volume of water as the result of the varn- 
ous disposal methods may disturb. destroy. augment. or create aquatk foraging 
habutats for the bald cagle The increased volume of water may disrupt aquatic 
environments that lead to changes in the local occurrence of fish and waterfow! 
Conversely. an increased volume of water may improve habitats that were prev)- 
ously unsuitable for fish or waterfow!. These changes may expand or create new 
aquatic habitats for foraging bald cagies. The potential effects to terrestnal and 
aquatic foraging habitats would not result in detrimental changes to the condition 
or reproductive status of individual cagies or affect the status of or trend in the 
population of bald eagles in Wyoming. 


The potential for fragmentation of habitats to affect a species 1s relevant when 1 
occurs at a scale similar to the species and therefore potentially alters life history 
processes (for example, restricts movement or creates ineffective habitat 
patches). Fragmentation of habitats associated with the proyect would not limit 
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heme Gwktranoe whore terageng cagic arc rotate ch) tow some | Mieen 
thee O78) Tine peremect mchudeng mee eurtace Gnaerhence axeocumod wath con 
eclat fre@achan tt GoOGmtmwanmny on shenGummectr «cua harass. 6 
pac ROM SIT reosteng of foraging hak’ cagic. Imohaded @ par of the 
free ar momure the eowh) Chemmatc human presen ether omic of ace 
rg BMC Sem recente, arcs turing  appeapmak «casa Depending on mc 
twp of actrt. time of vem @ugpewnan of tic cagic and previous cuposure we 
harman act) ties moensers may fn om thes cflectrweness ( onsegucntly. 
monnormng of hakd cagk nests and roosts would accu (Agpendn D) Results of 
th monmormng would be used to cvalusic and modify if necessary motigasbon 
measures qpociix sw tukd cagies The relative widespread occurrence of terres. 
tra! jorageng habetats m the Proyect Arca and the diffusc nature of the cupected 
human active) would net Cause detrimental Changes to tcrrestna! foraging pat 
terms for the hakd cagic Most human actrvity would be associated with construc - 
ban of progect facies fut would then diminish durmg the opcraton and deco- 
mrwonmng and ahandonment phases Human act mcs would be the lowest dur 
mg the praduchon phasc and can be charactenized «s regular and low mtensity 
Durmng docommirsonmg and abandonment of factites. local levels of activity 
would temporant, mcreasc for a penad sufficient to compicte habnat restoraton 


The potental for direct effects to this species would be mimimal No o1! or gas 
wells currenth, cxrst im the upper pornon of the Antelope Creek sub-watershed 
near the only known occurrence of thes species within the Proyect Area None of 
the wells that are proposed as a part of this proyect would be constructed near that 
locaton 


However. the potential exists for other populations of this species to occur im the 
Proyect Area Surveys of potentially suitable habmats (wetlands and mparian ar- 
cas) would be required before construction begins. In addition. efforts would be 
made to avoid habstats that are suitable for this species. Because of the ability of 
this species to persist below ground or aboveground without flowenng. single- 
As a result. part or all of undetected populations could be lost through actions 
that disturb the surface. 


If unknown populations of this species exist in the Project Area. they could be 
affected by hydrological alterations associated with the proyect. The discharge of 
produced water could alter the distribution and extent of mpanan and wetland 
areas, and the net effect could be an increase in thei extent. This increased extent 
not currently suitable. while at the same time rendering some current habitat un- 
suitable. Pumping of CBM wells could lower groundwater tables and causing a 
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toms of rypEan amd ectiand vogetamor of motte’ arcas eficrc C08) scam arc 
nce shallow sligwwm in some wtuaboms tie level of groundwater may fe sup 
phemented and nox depicted Gopending on tic mcthods used for handling the pro 
@uced wer increases wm icveh of groundwater may augment cursting oF Crcatc 
ace habwat. [flects siong amy dramage would depend on the amount meng 
and jacaborn of watcr Gachange Mrcam goomorphotogy precipitabon and othe: 
factors Habutats and populatonms of thes specees may be affected by mereased 
crowman of sodumen deposspon Some sircams would be greatly affected dn 
charge. whale others would be affected only minimally or not at al! 


Both darect and indirec! disturbances to populations and habuats of the (tc la 
ches -tresses orchad have the potential to mecrease the drstrbubon and cucnt of 
moxsows weeds. such as Canada thutle. that occur m cmular habuats Dense 
populations of noxious weeds would reduce the amount of habitat. ay ailable to 
the orchid and could exclude the orchid from infested arcas 


Preble's Meadow Jumping Mouse 

Thes species would not be affected by the proyect because docs not occur im 
parts of the Proyect Arca that would be affected by development Discharge of 
produced water to the North Platte River would not affect the overall hydrologx 
regime of thes large mver system. which rs where the occurrence of thes species 
has been documented 


Mountain Plover 


The project has the potential to cause direct and indirect cffects to the mountain 
plover Drrect disturbance or destruction of nests and injury 1 mortality to id- 
viduals may occur as a result of vehicle collisions and equipment operation in 
nesting areas A requirement for surveys of ai! habstats potentially suitable for 
mountam piovers would occur before any ground drsturbing activities begin F ol- 
lowmg USFWS’ guide ines (USFWS 2002b). these surveys would identify the 
presence of nesting mountain plovers and active nests im all areas to be deve!- 
oped. Results of these surveys would be used to establish appropnate buffers 
around identified nests. These efforts would minimize direct injury and mortality 
to mountain plover eggs. clacks. or adults. Additionally. USFWS identified a 
variety of mitigation measures for protecting the mountain plover These meas- 
ures are identified in the mitigation section. which begins on page 4 400. 


Mountain plovers are known to occupy surtable microhabutats in the Proyect Area 
(for example. flat terram. patches of bare ground with vegetation less than 
4 inches in height) within the short-grass pramme and sagebrush-grassiands vege- 
tation types. As many as $5.540 acres of short-grass praine and sagebrush grass- 
lands would be disturbed by construction of project facilities. This estimate 
represents | percent of the total 5.507.953 acres of short-grass praine and sage- 
brush grasslands within the Proyect Area. Identification and avoidance of moun- 
tain plover nesting areas and minimization of disturbance to praine dog colonies 
may be suitable for mountam plovers but determined to be unoccupred would 
experience some degree of disturbance as the result of proyect-related activites. 
The acreage is difficult to quantify because of the vanety of factors that contro! 
the amoum of potential disturbance in any habitat. including the distribution and 
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Preferred nesting hebetats. such as bare sool may be crested ) the progect Al 
though hey woukd prov ade hebetats. Tose arcs are atm lhCT mK BOM De 
abandoned o« dewtroved when actrees. Comtumuc Gurung Gc scum wcawom Thc 
potential for thes type of compact to occur would De grevaew Gunmg the prokac bor 
phase. when lemeted mtcrmetiemt actrom woukd axcw af «ect! pach and shong 
some access roads Mounts plowers may atc amd fog sce of fare 
ground im thew areas only to be desturted of haw thew news Gewtrowod ater the 
road s used of the well pad ss wasted The empact « most bhkely when actrees 
occu at an mtervel of ome week of more Durmg the come@ructorn phew com 
twOUS activity rs iskety jo prevent cstaéeshment of the ace 


Cfecks and eggs @ acsts may bc low of harassment of Guphacemen! cocurs fre. 
quently. preventing adults from tendmg to checks of newts and allow mg Cuccwvc 
heating. chilling. of prodamon wo occur Frogucnt harawecet of Gmpiacemen’ 
may bead to abandonment of the act Re-aestimg may take place Mel 2 act ks or 
reproductive potentia! would Seve occurred because of fhe bows of the imrtaa) acw 
Mountam plowers also show a hegh ratc of fdetty to the mest utc offen wxeng the 
same generai arca vear after vcar Modificateoms that makc thew arcas HOw wut 
abe for nesting may result m decreased reproductrwe success New nests ma Dc 
bust in habetats that arc less sustabic agam potenmaliy rowlimg lowes rope 
ductive wooess Requinng pre-comstruchon surveys of potenmalh watatic moun 
tain plover hatwtats would be used to sdentyfy actrve nesting arcas and to) cxtatirw 
buffer zones around them to prevent myur or mortaist and menemaurc bows of ox 


Cupred nesting haprtats 


Propect-reiated activihes. parpcularty human presence marcas that are tvpecally 
vord of human activity. may result m mecreased predshon of mountam plover 
Thes mecreased potennal for predanon would pnmarniy mvolve mene that hence. 
ft from human desturbancc. such as corveds (crows. ravens and magpecs) rap 
tors. covotes. badgers. weaseis. and foxes ( onstrucwon of progect facelimes has 
the potential to provide ncsting. dennimg. and perchang «ates for Mmececs that prey 
on the mountam plover installanon of devices to prevent raptors from perching 
on project faciiines would minimize the addrhon of perching utes Addrponall 
Proj’ taciites would be mamtamned to jem dennmg opportunmecs for terres. 
tral predators The presence of roadsade carnon would also be monsored im an 
effort to avord attracting predators that may aiso prev on mountam piovers and to 
document potential changes m the occurrence of roadsade carmon caused Dy im- 
piementanon of the alternatiyc 


Black-tailed Prairie Dog 


Dusturbance would occur m areas that are sustable for prare dogs Direct myury 
or mortality may occur as a result of the proposed acnon inyunes or mortairhes 
may occur to prame dogs that forage outside of the cofomy whch puts them a 
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chapter 4 — Enwronmenta: Consequences 


Listing 


Table 4-57 Wyoming BLM, FS, and WGFD Sensitive Species Effects Evaluation 
a a a ae TT a ea ITE I A 


Population Determimanon 


Potennal Effects Alt. | Alt. 2A Alt. 2B 


+ \athead < fu 


Vlowntam «a ket 


Agency 
WGFD 


WGFD 
WwOFD 


WwGFD 


FPS. WGOFD 


WoFrD 


No direct injury or mortality would be expected. indirect injury or mortality. including May affect’ May affect’ May affect’ ' 
effects to health or reproductive status. may occur resulting from disposal of water Oc- 
cupred habutats may be disturbed or destroyed by change in water quality and quantity 
as the result of dysposai of water Disposal of water may augment or create new sustabie 
latrtats 


No direct injury or mortality would be cxpected. indirect injury or mortality. including May affect’ May affect’ May affect’ 
effects to health or reproductive status. may occur resulting from water disposal. Occu- 

ored habvtats may De disturbed or destroyed Dy changes in water quality and quantity as 

the result of disposal of water Disposal of water may augment or create new suitable 

lamas 


No direct injury or mortality would be expected. Indirect injury or mortaiiy. including May affect’ May affect’ May affect’ 
effects to health of reproductive status. may occur resulting from disposal of water Oc- 

-upred habitats may de disturbed of desiroved Dy Changes in water quality and quantity 

as the result of disposal of water Disposal of water may sugment or create new surtable 

attats 


No direct injury or mortality would be <xpected. inctrect injury or mortaiity. includimy May affect’ May affect ay afiect’ 
effects to health or reproductive satus. may occur resultyng from disposal of water Oc- 

upred Nadutats may Oe disturbed of destrowed Dv cRanges 1n water quality and quantity 

as the result of drsposal of water Disposal of water may sugiment or create new suitable 

Jabra, 


No direct inyury or mortaiity would be cxpected. indirect injury or mortaiity. inciuding May affect’ Way affect’ Vay affect’ Mav affect 


effects to health or reproductrwe status. may occur resulting from disposal of water Oc- 
cupped hadvtats may De disturfed of destroved Dv Changes in water quality and quantity 
a the result of @sposal of water Disposal of water may augment or create new sustabic 
ama. 


No direct injury or mortaiity would de cxpected. indirect injury or mortaity. inciudemg May affect’ May affect’ May affect’ 
cffects w health uf reproductive status. may occur resulting [rom disposal of water Oc- 

upeed NaOvtats may Oe desturfed of destroved Ov -Ranges in ater guaitty and quantty 

@® the result of disposal of water Disposal of water may augment or create new wustadie 

eOetats 
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Table +57 Wyoming BLM, FS, and WGFD Sensitive Species Effects Evaluation 
a a A 


es er ee 


Species Name Agency Potential Effects Alt. | Alt. 2A Alt. 2B Alt. 3 


Black builhead § WGFD No direct injury or mortality would be expected. Indirect injury or mortality, including May affect‘ May affect‘ May affect‘ May atfect* 
effects to health or reproductive status, may occur resulting from disposal of water. Oc- 
cupied habitats may be disturbed or destroyed by changes in water quality and quantity 
as the result cf disposal of water. Disposal of water may augment or create new suitable 
habitats. 


Yellowstone cut- BLM, No activities would occur in or upstream of occupied habitats within the Project Area. Noeffect Noeffect Noeffect Nocffect 


Plains topminnow FS,WGFD Not known to occur in Project Area. Changes in water quality and quantity as the result May affect’ May affect‘ May affect‘ May affect‘ 
of disposal of water may affect populations downstream of the Project Area. 

Sauger WGFD No direct injury or mortality would be expected. Indirect injury or mortality, including May affect‘ May affect‘ May affect‘ May affecr* 
effects to health or reproductive status, may occur resulting from disposal of water. Oc- 
cupied habitats may be disturbed or destroyed by changes in water quality and quantity 
as the result of dispesai of water. Disposal of water may augment or create new suitable 
habitats. 


Common loon FS. WGFD No direct injury or mortality to adults would be expected from project activities. Injury May affect‘ May affect’ May affect‘ May affect* 
or mortality to eggs or young may occur as a result of hydrologic changes dumng the 
nesting season. Individuals may be harassed or displaced durmg implementation of the 
projc.t. Suitable aquatic nesting habitats would not be directly disturbed or destroyed 
turbed. destroyed. augmcated. or created as a result of changes in the hydroiogic regime. 
American white WGFD No direct injury or mortality to adults would be expected from the project. Injury or May affect’ May affect‘ May affect‘ May affect‘ 
pelican mortality to eggs or young may occur as a result of hydrologic changes during the nest- 
ing season. Individuals may be disturbed dumng implementation of the project. Suitable 
aquatic nesting habitats would not be directly disturbed or destroyed dumng facility 
augm:nted. or created as a result of changes 1n the hydrologic regime. 
American bittem FS.WGFD Ne direc’ injury or mortality to adults would be expected from the project. Injury or May affect‘ May affect‘ May affect‘ May affect‘ 
mortality to eggs or young may occur as a result of hydrologic changes durmg the nest- 
ing season. Individuals may be harassed or dispiaced dumng impiementation of the pro- 
ject Suitable aquatic nesting habitats would noi be directly disturbed or destroyed dur- 
turbed. destroyed. augmented, or created as a result of changes in the hydroiogrc regime. 
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Table 4-57 Wyoming BLM. FS. and WGFD Seusitive Specie» Eilects E>aiation 


Se NCO 
td 
yeenes \aine Agency mena © ects a = A us ve 5 
Black -<crewned WGFD Ne dawect ngury oF mortaiity ©© afaits would De cxpected (Tom: fe proyect: eens Mow affect (i fect feet fe 
mght Neron Nay Oc lafassed of Jspracd Jumng mpementapen of De wot ‘ose lwietam 


would cet OF rectly Qseurted of Sosirowed OW “axDTY -onmuctun SusteDie ages 
(esting an ‘Orang Wea may & Ubawbeu, kwroved. augmented. # costed & i 
"esl Of Camges un te ydroiegs oyun. 
Whnte- faced ides FS, BLM. Nw divect umpury of mortality would be expected. C omsiructen would aut dipectiy Getrr> tay affect) Wey affect Wa offiect (May offer 
WOFD cs. uae Radiat ued dumng mganen Hatten oct! Omg agmmen may & 2 
‘urted, Jestvoved, augmented, or creat> .s 4 Tesuil of lamges © De WerotegK ome 
Trumpeter .wan BLM. = Ne direct ungury or mortality co aduits of tts speuies would be expected. Inpary or mor- Way affect’ Way affiecr Way affecr’ May affeer 
WORD tality to eggs of young may occur a 2 result of Dydroiogec Ranges Gumng De oesting 
season. Indiv -duais May Je Nafassed Of Uispiaeccu FV Re Oroyect. | ORMTuCcTOR sould dot 
duectly do 0° aquame fava. Hadas uscd for wsamg of Tigyabon Tay % Js : 
wurbted, Gscco¥e 1. sugested, ot created as 4 result of Changes to the Dydrotegs rogue. z 
Osprey es Neo direct oyn- or mortality would be expected as the result of the proyect. Collissems May affect’ Way affect’ Way affecr’ Way affter’ . 
colons msy resuit in injury or Mertaity Harassment of sesumg ncividuais would De 
Tuned durmmy the construction ofase Harassment or displacement of nesamg nd 
viduais may occur dumng the producnon ad abendonment phases of (he proyect. Nesi- _ 
ing habitats would not be physically disturbed or destroved. Dispesai of water and sud- b~ 
sequent Changes in water quaiit. and guanuty may diaurd. destroy. augment. or crease = 
suitadie loragimy Nadiats. 
Northern zoshawk BLM No direct injury or mortality would be expected as a result of project activrties. Coilli- May affect’ May affect’ Way affecr’ May affect’ 
veticle Colasioms may result in injury or mertaiity Harassment of nestaimg individuals 
caused OV Construction would be mnunived. Hamssment or displacement of ossung 
individuals May occur dumng the production and abandonment phases of the proyect. 
Nesung habitats would not de physicaily disturbed or destroyed. Direct disturbance 
would occur t habitats used by prey species. Disposal of water and resuitimg Changes in 
water quality and quantity may disturb. destroy. augment. or create sustaDie foraging 
habitats. 
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Table 4-57 | Wyoming BLM, FS, and WGFD Sensitive Species Effects Evaluation 
rorya 


Listing 
Species Name Agency Potential Effects Ah. | Ah. 2A Ah. 2B Akt. 3 
Ferruginous hawk FS,BLM, No direct injury or mortality would be expected as a result of project activities. Colli- May affect” May affect” May affect” May affect” 
WGFD _ sions with aboveground utility lines, electrocution from contacting power lines, and 
vehicle collisions may result in injury or mortality. Harassment of nesting individuals 
would be minimized during the construction phase. Harassment or displacement of nest- 
ing individuals may occur during the production and abandonment phases of the project. 
The peniest exny dicta or Gaptace fomainn iadivideats. U ied ino habi 
may be physically disturbed or destroyed. Direct disturbance would occur to habitats 
used by prey species. Disposal of water and resulting changes in water quality and quan- 
tity may disturb, destroy, augment, or create suitable foraging habitats. 
Merlin FS, WGFD No direct injury or mortality would be expected as a result of project activities. Colli- May affect‘ May affect‘ May affect‘ May affect‘ 
sions with aboveground utility lines, electrocution from contacting power lines, and 
vehicle collisions may result in injury or mortality. Harassment of nesting individuals 
would be minimized during the construction phase. Harassment or displacement of nest- 
ing individuals may occur during the production and abandonment phases of the project. 
The project may disturb or displace foraging individuals ‘/noccupied nesting habitats 
may be physically disturbed or destroyed. Direct disturbance would occur to habitats 
used by prey species. Disposal of water and resulting changes in water quality and quan- 
tity may disturb, destroy, augment, or create suitable foraging habitats. 
Peregrine falcon BLM, _Not known to nest within the Project Area. The project would not cause direct injury or May affect‘ May affect‘ May affect‘ May affect‘ 
WGFD _ mortality to migrating individuals. Disposal of water may disturb, destroy, augment, or 


create suitable foraging habitats. 
Greater sandhill BLM __ No direct injury or mortality would be expected. No direct disturbance resulting from May affect‘ May affect‘ May affect‘ May affect‘ 
crane the project would occur to foraging habitats. Suitable foraging habitats may be dis- 

turbed, destroyed, augmented, or created as a result of methods of disposal for surface 

water. 


Long-billed curlew FS,BLM, No direct injury or mortality to adults would be expected as a result of project activities. May affect” May affect® May affect” May affect® 
WGFD __ Nests may be disturbed or destroyed causing injury or mortality to eggs or young. Nest- 
ing or foraging individuals may be harassed or displaced by the project. Suitabie nesting 
and foraging habitats may be disturbed, destroyed, or fragmented as a result of construc- 
tion and disposal of water. 
Upland sandpiper FS No direct injury or mortality to adults would be expected as a result of project activities. May affect” May affect® May affect® May affect® 
Nests may be disturbed or destroyed, causing injury or mortality to eggs or young. Nest- 
ing or foraging individuals may be harassed or displaced by the project. Suitable nesting 
and foraging habitats may be disturbed, destroyed, or fragmented as a result of construc- 
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Table 4-57 Wyoming BLM, FS, and WGFD Sensitive Species Effects Evaluation 
I, a a EE a eT TE a CT ae ET 


Pesuistion D oe 
Listing 

Species Nuame Agency Potennal Effects Ak | Ak. 2A Ah 2B Ak 3 
Black tern FS. WGFD No direct injury or mortality to adults would be expected. Methods for disposal of water May affect‘ May affect’ May affect’ May affect’ 

implemented during the nesting season may result in Changes to ha>ital that Cause myury 

of mortality to cggs and young. Nesting or foragung individuals may be harassed of dis- 

placed by the proyect. Sustable nesting and foraging habitats would be disturbed. de- 

stroyed. augment. or created 
Western yellow - FS. BLM. No direct injury or mortality would be expected. Nesting and foraging individuals may May affect’ May affect’ May affect’ May affect’ 
billed cuckoo WGFD _ be harassed or displaced by the project. Suitable nesting and foraging habvtais may be 

affected as a result of changes to the hydrologic regime caused by water disposal. 
Flammulated ow! FS No activites would occur m occupied habstats within the Project Area. Noecflect Nocflet Nocffect Nocflect 
Western burrowing FS.BLM No direct myury or mortality would be expected. Physical disturbance to nesting indi- May affect” May affect” May affect” May affect” 
ow! viduals would be minumuized during the construcuon phase Nesting a..d foraging ind: 

viduals may be harassed or displaced by the proyect Sustable and occupied nesting habi- 

tats would be disturbed. destroyed. or fragmented outside of the nesting season. 
Lewis’ FS. WGFD No direct iyury or mortality to adults would be expected. Injury or mortality may occur May affect’ May affect’ May affect’ May affect* 
woodpecker to eggs or young as a result of construct on or water drsposal. Nesting and foraging in- 

dividuals may be harassed or displaced by the proyect. Disturbance. destruction. or 

fragmentation of nesting and foraging habriats would occur as a result of construction 

and disposal of water 
Olive-sided FS Not expected to occur within the Project Area. Noeffect Nocffect Noecffect Nocfiect 


Loggerhead shrike FS.BLM No direct injury or mortality to adults would be expected. Injury or mortality may occur May affect’ May affect‘ May affect’ May affect‘ 
to eggs or young as a result of construcnon or disposal of water Nesting and foraging 
individuals may be harassed or displaced by the proyect. Disturbance. destruction. or 
fragmentation of nesting and foraging habitats would occur as a resull of construction 


and disposal of water 
Purple martin FS Not expected to occur within the Project Area Noeffect Noeffect Noeffect Noefiect 
Pygmy nuthatch FS No activities would occur in occupied habitats within the Project Arca. Noeflect Noecflect Nocflect Nocflect 
Sage thrasher BLM _ No direct injury or mortality to adults would be expected. Injury or mortality may occur May affect‘ May affect’ May affect‘ May affect’ 


to eggs or young as a result of construction or disposal of water Nesting and foraging 
individuals may be harassed or displaced by the project. Disturbance. destruction. or 
fragmentation of nesting and foraging habitats would occur as a result of construction 
and water disposal. 
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Table +-S7 Wyoming BLM. FS, and WGFD Sensitive Species Effects Evaluation 
Pupwaton Octermunaisn 


Species Name Agemy Posennal £ ffects An | Ah lA Ah 2B An 3 


Brower. arrow BLM =e Ne direct mgury or mortality w adults would be expected. ingury or mortality may occur May affect’ May affect’ May affect’ May affect’ 
© CB oF young 2 4 resull of ComMruchboR of water disposal “Nestog and foraging 1n- 
div wduais may De haraxscd of despiaced Dy the proper’ Desturbance dewrucbon. or 
fragmentation of nesting and foraging hafetats would occur a a resull of Construchon 
amd «ater dispeonai 
Sage arrow BLM No diwect myury or mortality to adults would be cxpected. injury or mortality may occur May affect’ May affect’ May affect’ May affect’ 
w Cggs or voung as a resull of comstruchon or dispossi of water ‘esting and foraging 
umdiveduais may Oc harassed or displaced Dy the proyect: Descurbance destruction. oF 
fragmentation of ncsang and foragmg habitats would occur a a cesull of Comstruction 
and disposal of «ater 
Baird . sparrow FS. BLM No direct myury or monality to adults would be expected. Injury or mortality may occur May affect’ May affect’ May affect’ May affect’ 
tO Cggs of voung as a result o. comstructon of disposal of water Nesting and joraging 
umadrvduais may De harassed or displaced Dy the proyect: Desturbanee. desirucnon. or 
tragmentabon of ncstiing and forageng Aabditats would occur 4s a “esull of Construction 


and disposal of water 
Fox sparrow FS \o achvites would occur in occupred habitats withen the Proyect Arca No effect No effect Nocfiect Nocfiect 
Mammals 
Little brow n WGFD No direct myury or mortality would be expected. Foraging individuals may be harassed May affect’ May affect’ May affect’ May affect’ 
my otis or drsplaced by the project Foraging habitats may Se disturbed. destroyed. or frag- 

mented by the project: Methods for disposal uf water may augment or creatc foraging 

habitats: 


L ong-eared m\ ots BLM. No direct imjury or mortality would be expected. Foraging individuals may be harassed May affect‘ May affect’ May affect’ May affect’ 
WGFD = or displaced by the project. Foraging habitats may be disturbed. destroyed. or frag- 
mented by the proyect Methods for disposal of water may augment or create foraging 
habitats 
Fnnged-taled FS No direct :nyury or mortality would be expected. Foraging individuals may be harassed May affect’ May affect’ May affect’ May affect” 
myots or displaced by the proyect. Foraging habitats may be disturbed. destroyed. or trag- 
mented by the proyect: Methods for disposal of water may augment or create foraging 
habitats 


Long-legged WGFD No direct jury or mortality would be expected. Foraging individuals may be harassed May affect’ May affect‘ May affect’ May affect’ 
mvyotts or displaced by the project: Foraging habitats may be disturbed. destroyed. or frag- 

mented by the project. Methods for disposal of water may augment or create foraging 

habitats 
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Table 4-57 Wyoming BLM. FS, aad WGFD Scasitive Species Effects Evaluation 
SE PT TT a TT PEO TE TE Aa I TE TI 


Pupwanon ctormnaien 
. 

ypouss Name Agem, Posenpad § fects Ah | Al. 2A Aa lB Ah 3 
ww oucrm wmail- WGFD Ne direct myury of mortaity would be expected Foragung indivaduais may De harassed May affect’ May affect’ May affect’ May affect’ 
towted myut at Guptaced Oy Me propec! forageng Sadia may O% dated Jesiroved oF [Tag- 

mented & tac propert Metinab tor inp sai of water ma) sugmen! of _rcatc foraging 

Yet 
Hey Orown nat WGFD Ne direct amyury of mortality would be expected Foraging indiweduals may dc harassed May affect’ Viay affect’ Way affect’ May effect’ 

or Gsplaced Dy ie propent foragmg Seouats may Oc disnueted. dewroyod. of ‘Tag- 

mented Dy the propeet: Methods for Jispesa! of water may sugmen! of —rcaic loragung 

Tamia 
Spotted Dal BLM ‘ot cxpected to occur within the Proyect Arca. Necili:  ‘Neociler Nocffect ‘No effect 
Townsend » mg PS. BLM. Ne direct myury or mortality would be expected Foraging individuals may be harassed Misy affect’ May affect’ May affect’ May affect’ 
caret bat WGFD of Gsplaced by the project. Poragmg habetats may be disturbed. destroyed. or Tag- 

mented Dy the propect Methods for disposal of watcr may augment of Creal ‘oraging 

YaOrtlaty 
Swift fox PS. BLM. Direct mpury or mortality may vccur to indiweduals. individuals may be harassed or dis- May affect’ May affect’ May affect’ May affect’ 

WGFD = placed Dy the progect: Sustabic Suntng and denming hedutats would Dx disturbed. de- 

Mroved. of fragmented. 
W fete -tasied BLM Not known to occur within the Proyect Arca. No effect No effect No effect No effect 
prance dog 
Notes 


4 May adversely affect individuals. but not likely to result in a loss of viadelty on federal lands of ange wide of result in a (emi > werd federal lung. 
wide. of result in a rend tlowar! our 4l 
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Vemucie Collision 

Few studies have specifically cxamuned effects of collision on upland game. 
however. this impact probably «ould be lumited because grouse tend w flush 
oniy when closely approached and then fly close to the ground and af a reiativeiy 
tegh speed. The literature on avian mortality caused by collision with vehacies is 
rewwewed by Enckson et al. (2001). The new roads could result m a potennal m- 
crease mm vehicle collsons with sage grouse. However. the effect of a limited 
merease in the potentia. .or vehicle collisions on the populanon of sage grouse 
would De munimai and limted to areas of concentrated development that are oc- 
cupred by this species. 


Power Line Collision 

Relanvely few comprehensive studtes have been conducted. and nanonwide an- 
nual estimates of avian mortality caused by coilrsxon with power limes vary 
greatly The literature on avian mortality caused by collision with power limes ts 
reviewed by Enmckson et al. (2001). Although comsirucnorn of new power lines 
may increase the potential for collision. measurable mortality due to sage grouse 
colliding with conductors ts not expected because the Durds fly close w the 
ground below the typical herght of power |imes. 


Fences 

Fences. which are common throughout the Proyect Area. are hazardous w sage 
grouse Decause ticy can result in mortality caused Oy collision (Connelly et ai. 
2000). New barbed wire fences would be constructed. pnmamiy to keep wiildlite 
and livestock out of construction. production. and water handling areas. These 
fences would enclose 2 relatrvely smail area. New fences would be constructed to 
meet BLM guidelines designed to reduce the potential for wildlife entangiement. 
Ne  femeces that cross large areas would not be constructed) Construction of 
fences would have minimal effects on sage grouse because of the relatively short 
lengths that would be built. 


Predation by Raptors 

New power lines could affect sage grouse. especially near lek compiexes. if they 
provide new perches for raptors, which could result in increased predation (Oce- 
dekoven 200! ). Sage grouse tend to avord areas associated with power limes. re- 
sulting m the indirect loss of habitats near these structures (WGFD 2002). Lek 
sites with power limes located less than 0.25 mile away have shown reduced at- 
tendance compared with sites where power lines are not as close (Braun et al. in 
press). Avosdance of otherwise suitable habitats within 0.5 mile of power lines by 
sage grouse also has been documented (San Mgue! Basin Sage Grouse Working 
Group | 998). Locating power iines away from leks and raptor-proofing the poles 
for aboveground power limes constructed within 0.5 mile of leks would reduce 
the potential for increased predation on sage grouse at leks. Snil, grouse that use 
dation and may reduce them use of otherwise suitable habitats near power lines. 
Although some additional predation by raptors may occur. this predanon is not 
expected to substantially affect the population of sage grouse in the PRB. espe- 
cially if the poles for aboveground power lines 2nd are raptor-proofed and lo- 
cated away from leks. 
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|.oSs or Degradaton of Habdats 

The proyect would result im the derect disturbance of sage grouse hadutats. Direct 
habdutat loss and degradanon have Deen -mpicated im the decline in ick attendance 
and abandonment for sites where oi and gas development has occurred within 
0.25 mile (Braun ct al. m press) Table 4-58 shows the predicted propornon of 
known leks where proyect-reiated faciimes would be located within 0.25 mie 
Data on lek locamoms would De rewewed before surface disturbance Degims w 
avor direct disturbance w leks. Surveys would be conducted withm sustabdic 
grouse habitats to locate leks that may be disturbed. No surface occupancy would 
be allowed within 0 2S mile of a lek t avord direct disturbance Thies smpuiateon 
'S aMached to o:! and gas leases and ss nendiscrenonars Therefore. it applies to 
federal or and gas leases. regardless of surface ownership Disturbance would 
occur w all other eabitat types. including nesting, Droed reammg. and wintenng 
areas that are located more than (25 mile from lek sates. 


Table +58 8 «©Prepesed and ( umuiative Impacts te Sage Grouse Protective 
Buffers by Sub-eatershed — Alternatives |. 24. and 2B 


nn NN 
Properbon of \c&> suf ol aa gp Scvclopment iter fe ecified Suffer 


Propencu \ simran. 

ew OlsenleGufiee = lamle buffer Sie effec Sefer 

| percemt) (percent) (perc cmt) percent) 
Latte Baghorn River oo a0 ae oe 
\ pper Tomgue River a0 49 ? 0 
Medic Fork Powder River 00 sis ee 38 
North Fork Powder Riwer oo a” 00 oe 
_ pper Powder River 227 a ~ 7 
South Fork Powder River 00 mo 0 we 
Sait Creek oe wo ™moO m0 
Crazy Woman ( -erk $3 ms $ ws 
Clear Creek 2P-: oo 4 4 oo 
Viuule Powder River we 10.0 ae mo 
Little Powder Rover 3.7 (U0 33.6 ooo 
Luttie Misseunm River 0.0 oo 00 ae 
Antetope (reek 9) 29 m2 08.0 
Dry Fork Chevenne River 10.0 7S.0 iso 0 
L pper Chevenne River nx) ens 12s 'oo0 
Lghtrmnyg Creek 00 66.7 16.7 83.3 
Upper Belle Fourche River 10.0 6.7 7 as 
Vhddle North Platte Rover 90 615 7? m9 
Pruyect Area 149 ~” 26.9 38.0 


Most nests are close to leks (Braun —_—. #77) and hens show strong site fidelity, 
which may be im response to the prc..2ce of important vegetative nesting habitat 
characteristics such as sagebrush. forb and grass cover. and herght of sagebrush 
(Lyon 2000). Hens from disturbed leks adapt im part by selecting higher canopy 
cover and shrub height in sagebrush (Lyon 2000), a resource that would be n- 
creasingly limited in the Proyect Area. The proposed development could disturb 
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w sagedrush shrubiands would encompass 53.626 acres within the Project Area. 
Ths drsturbamce accounts for 2 percent of the avaslabie sagebrush vegetanon 
type withun the Proyect Area (2_234_)03 acres). Desturbances to mparan areas and 
wet meagows that provide am important component of brood-reanmg habitats 
would be mmumai decause of the mingafen measures designed to limut drstur- 
bance mM Mpanan areas. 


Loss of habitat associated with construction would have negative effects on sage 
grouse if the habrtats are occupred by the grouse. parncuiarty dumng the breeding 
season. Return 10 pre~disturbance ieveis of populamen dumng the production 
phase 1s mot expected if habetats occupied by the grouse are disturbed. Naturai 
recruitment of sageDrush may occur over ume. Sage grouse habitats would not be 
restered to pre-disturbance conditions for an extended penod because of the nme 
needed to develop sagebrush stands with charactermsncs that are preferred by sage 
grouse. 


Water Handling 

Disposal of produced water may benefit sage grouse (Oedekoven 200!) Hens 
with broods. barren hens. and roosters preferentially use wet meadows and mpar- 
iam areas during the summer and show strong site fidelity (Lyon 2000). Produced 
Water impoundments and increased water flows would also provide additonal 
sources of dmmking water for sage grouse. 


Water-handiimg methods could also have negative effects om sage grouse. The 
construction of water handling faciiimes. such as containment impoundments. 
could result in the loss of sagebrush shrubiands that are used as nesting and other 
seasonal habitats by this species. despite a mitigation measure tha: requires 
avorance of sagebrush shrublands where possible. A total of 27.009 acres would 
be disturbed by construction of the vamous water handling factlines. The higher 
water tadie associated with surface discharge would kal! sagebrush. which 1s not 
tolerant of saturated root zones. Additonal losses of sagebrush may occur from 
the LAD method for disposing of production water for the same reason. A sum- 
mary of losses by habitat type. including contmbunons from water handling 
methods, 1s presented in the secon on Vegetation of this chapter. 


Harassment. Displacement, and Noise 

Human disturbance. including construction, road use. and nose from proyect fa- 
cilities, may result in adverse effects to sage grouse, particularly during the 
breeding season (Braun et al. in press). Disturbance durng the breeding penod 
may result in reduced breeding activity (Lyon 2000). Nest imitation rates have 
been shown to be lower for hens from disturbed leks compared with undisturbed 
leks. although nest success was simular (Lyon 2000). 


Sage grouse nest farther from disturbed leks (2.6 miles) than from undisturbed 


leks (1.3 miles) (Lyon 2000). Table 4-64 shows the predicted proportion of 
known lek sites where proyect-rejated facilities would be located within 2 miles. 
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Mingaton measures would prevent new surface disturbance within 2 miles of 


leks on federal leases durmng the breeding penod. reducing disturbance to sites 
and nests. Nests located farther than 2 miles from leks may be disturbed dumng 


the proyect. 


Reguiar taffic along roads. as would be expemenced dumng the producton 
phase. can affect lek actvity and reduce survival (Braun et al. im press). Activity 
along reads may cause nearby leks to become mactive over ume (WGFD 2002). 
Sage grouse do not appear to avoid roads, but shaft thew habitat use when nesong 
near roads w patches of sagebrush wih higher canopy cover and herght (Lyon 
2000). Sagebrush stands that meet these requirements may be limited. especially 
in areas of concentrated development. resulting in decreased nesting success. The 
lumitamon on new disturbance within 2 mules of leks dumng the breeding season 
would not apply to production or to new disturbance on pmvate lands. Producnon 
in nesting habitats may result im substantial adverse umpacts to Ddreeding sage 
grouse. 


Notse can affect sage grouse bv preventing vocalizanons that influence reproduc- 
uve and other behaviors (WGFD 2002) Sage grouse attendance on leks within 
| mile of Compressors ts lower than for sites farther from compressor locations 
(Braun et al im press). A lease sipulanen addresses the effects of nowe from 
compressors on leks. prohibiting new compressors within 0.5 mule of leks and 
lumating the imcrease im nore to levels less than 49 dBA. This smpulanon is at- 
tached to ol and gas leases and 1s nondiscrenonary. Therefore. it applies to. fed- 
eral onl and gas leases, regardless of surface ownership. 


Each of these indirect effects has the potential to cause impacts to individual sage 
would reduce these impacts to some extent. however. the potential remains for 
impacts and decreasing sage grouse populamems to occur as a result of the pro- 
pused proyect. 


Habitat Fragmentation 

Sage grouse habitat can be fragmented by roads. power limes. fences. and reser- 
vows (Connelly et al. 2000). Habitat fragmentanon associated with o:! and gas 
developm.at may affect sage grouse use of leks, nesting habitats. and carly 
brood-rearing habitats (L yon 2000). Sage grouse continue to use sites fragmented 
(tences. aboveground power limes) and actively used roads ( Braun et ai. in press). 


Sage grouse have been documented to move mm excess of 45 miles between sea- 
sonal ranges in migratory popuianons (Connelly et al. 1983). Dumng these migra- 
tons, they can cross highways. roads, agncultural fieids. and other areas of non- 
native habitats. The levei of fragmentanon that would occur under the proposed 
proyect would not substannaily fragment habitats used by sage grouse and is not 
expected to affect patterns of seasonal movements on a landscape scale. 


One potential effect of the large extent of new roads that would fragment sage 
grouse habrtats wou'd be an increase in the number of fires caused by humans. 
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Fure resuits in decreased sagebrush cover and subsequent deciines in sage grouse 
populations in burned areas (Conneily et al. 2000). 


increased predation associated with poor-quality or fragmented habutats can re- 
suit ia reduced reproductive success. although deciimes in population are not of- 
ten associated with high levels of predamon (Connelly et al. 2000). Habitats with 
low gras‘ and shrub cover do not provide the conceaiment needed to avoid nest 
predanon (Gregg ct ail. 1994. DeLong et ai. 1995). Construction of roads, power 
imes, prpelines, and other facthties would result mm decreased cover and may re- 
suit in increased nest predution. 


Early brood rearmg appears to be the most lnmuting life stage for sage grouse 
(Lyon 2000). Use of early brood rearmg habitat is concentrated in areas with high 
young chicks (Lyon 2000). Invasion by noxious weeds (see the section on Vege- 
tamon) would resuit in decreased ford productivity. which may affect the quality 
ot early brood rearing habutat. Chick survival during this critical penod could be 
reduced im areas of extensive weed invas:on because of decreased food resources 
and increased predation associated with the need for cincks to travel farther to 
find adequate food. 


Population Effects 

placement. noise. and habitat fragmentanon al! have the potental for substannal 
negative effects on sage grouse populanons. despite any potental benefits that 
would be demved from increased availability of water (Oedekoven 200! ). im- 
plementanon of several mityganon measures would reduce the extent of each im- 
pact addressed by those measures. Despite these measures, the synergistic effect 
of several umpacts would likely result in a downward trend for the sage grouse 
popuilanon, and may cuntmbute to the array of cumulanve effectgs that may lead 
to its federal song. Local populamons may be extrpated in areas of concentrated 
development. but viabtlity across the Proyect Area or the entire range of the spe- 
cies 1s not likely to be compromised. 


Alternative 2A 

Under Alternanve 2A. the magnitude and types of effects would be similar to 

these presented for Alternative |. with the exception of the effects associated 

with proposed facilities for water handling. Alternatives 2A and | ‘itffer only in 

bances. The types of effects associated with water handling methods are dis- ) 
cussed under Alternative |. Approximately 36.263 acres would be disturbed by 
water handling facilities under this alternative (Table 2-23), am increase of ) 
34 percent over the disturbance from water handling associated with Alternative 
|; therefore, a simular increase in effects from water handling is expected. This 
change may resuit in increased beneficial effects: however. the extent of negative 
impacts associated with other aspects of the proyect as discussed under Alterna- 
trve | would continue to represent an overall! negative effect on sage grouse 
populations. 
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Alternative 2B 

Under Alternanve 2B. the magnitude and types of effects would be similar to 
those presented for Alternamve |, with the exception of the effects associated 
with proposed water handling facilites. Alternatives 2B and | differ only in the 
proportion of the various water handling methods and their associated distur- 
bances. The types of effects associated with water handling methods are ¢is- 
cussed under Alternative |. Approximately 32,653 acres would be disturbed by 
water handling facilites under this alternative, an increase of 2! percent over ihe 
disturbance from water handling associated with Alternative |; therefore, a sumi- 
lar increase in effects from water nandling is expected. This change may resuit in 
increased beneficial effects; however. the extent of negative umpacts associated 
with other proyect activities, as discussed under Alternative |, would continue to 
represent an overall negative effect on the sage grouse population. 


Alternative 3 

Under Alternanve 3, the types of effects to sage grouse would be simular to those 
presented for Alternative |. The magnitude of these effects would be substar- 
tally smaller, however. Alternative 3 would result im the disturbance of 35 per- 
cent of the amount of habitat (Table 2-32) that would be affected under Alterna- 
uves |, 2A, and 2B, because the total number of new wells would be reduced to 
40 percent (Table 2-29). Table 4-59 shows the predicted proportion of known 
sage grouse lek sites where project-related facilines would be located within 0.25 
and 2.0 miles. The effects from water handling would be essentially the same as 
were discussed for Alternative |: however. the magnitude of these effects would 
be smailer. Approximately ||.683 acres would be disturbed by water handling 
facilities under this alternative (Table 2-32), a decrease of 57 percent from the 
disturbance associated with Alternative |. The reduction in impacts from the pro- 
ject, including water handling facilites, would result in reduced impacts to sage 
grouse. Despite this reduction, the large scale and widespread nature of the an- 
ticipated impacts, parucularly in terms of vehicle and power line collisions, in- 
creased raptor predation, habitat loss. displacement, noise, and habitat fragmenta- 
hon, suggest that declines in the sage grouse population may occur. The degree 
of chis potential deciine is net known, although it would be smaller than under 
the other three alternatives. Local populations may be extrpated in areas of con- 
centrated development, but viability across the Proyect Area or the entire range of 
the species is not likely to be compromised. 


Cumulative Effects 

Implementation of each of the alternatives would contribute to cumulative effects 
to sage grouse that occur within the Project Area. Table 4-58 and Table 4-59 
show the predicted cumulative proportion of known lek sites where oil and gas 
facilites would be located within 0.25 and 2.0 miles. The cumulative effects to 
sage grouse from current. proposed and future activities such as gas and mineral 
increased mortality, especially from collisions with vehicles and power lines and 
increased raptor predation: displacement and harassment: physical degradation or 
destruction of breeding grounds (leks) and reproductive areas (nesting and brood- 
rearing areas), and habitat fragmentanon. Surface coal mining and sagebrush 
treatment have reduced the availability of sagebrush habitats in the Project Area 
(Oedekoven 2001). Conversion of native hab:tats to agriculture has decreased in 
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recent years, but has decreased availability of sage grouse habitats. This impact is 
likely reflected in the long-term downward trend in the sage grouse population in 
the Project Area (Oedekoven 2001). Livestock grazing has been implicated as 
one factor in the cumulative loss and degradation of sage grouse habitats (WGFD 
2002). Livestock grazing occurs throughout the Project Area. 


Table 4-59 Proposed and Cumulative Impacts to Sage Grouse Protective 
Buffers by Sub-watershed — Alternative 3 


ee) 
Proportion of leks with oil and gas developmeni within the specified buffer 


Proposed Cumulative 
Sub-watershed 0.25-mile buffer 2.0-mile buffer 0.25-mile buffer —2.0-mile buffer 
(percent) (percent) (percent) (percent) 
Little Bighorm River 0.0 0.0 0.0 0.0 
Upper Tongue River 0.0 35.7 7.1 42.9 
Middle Fork Powder River 0.0 30.8 0.0 30.8 
North Fork Powder River 0.0 0.0 0.0 0.0 
Upper Powder River 18.2 97.7 29.5 97.7 
South Fork Powder River 0.0 20.0 0.0 20.0 
Salt Creek 0.0 0.0 0.0 20.0 
Crazy Woman Creek 5.3 89.5 §.3 89.5 
Clear Creek 27.3 90.9 27.3 90.9 
Middle Powder River 50.0 100.0 50.0 100.0 
Little Powder River 21.4 89.3 39.3 92.9 
Little Missouri River 0.0 0.0 0.0 0.0 
Antelope Creek 9.1 63.6 18.2 72.7 
Dry Fork Cheyenne River 0.0 35.0 0.0 90.0 
Upper Cheyenne River 0.0 62.5 0.0 87.5 
Lightning Creek 0.0 16.7 16.7 66.7 
Upper Belle Fourche River 13.3 82.2 35.6 88.9 
Middle North Platte River 0.0 30.8 7.7 61.5 
Project Area 10.4 67.9 20.1 78.7 


The total acreage affected by CBM development would not be disturbed simulta- 
neously because it would occur over the life of the project. Some of the disturbed 
acreage would be reclaimed or would be in the process of being reclaimed when 
new disturbances are initiated. CBM development is expected to occur at a rate 
faster than abandonment and reclamation of wells. In the near future, the amount 
of disturbed habitats is likely to increase, although the anticipated life of CBM 
wells indicates that reclamation would eventually overtake development of new 
wells, resulting in a net decrease in disturbed vegetation for the long term. In ar- 
eas reclaimed after CBM development, vegetation often differs substantially 
from undisturbed areas, as discussed in the section on Vegetation. Reclamation 
of sagebrush and other habitats important to sage grouse may take many years to 
complete (WGFD 2002). As a result, shifts in the composition or distribution of 
habitat would affect sage grouse within the Project Area. 
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USFWS may consider the cumulative effects of the proposed project in its re- 
sponse to two petitions that seek listing of the sage grouse under the Endangered 
Species Act in portions of its range that include the Project Area. The findings on 
these petitions are not yet known (Diebert 2002). The sage grouse population in 
Wyoming, although reduced from historical levels, is still among the healthiest in 
the range of the species (Lyon 2000). The prediction of declines in population 
over a large part of the state that contains the healthiest populations of sage 
grouse may result in increased scrutiny of population across the range of this 
species and may lead, either directly or indirectly, to listing under the ESA. 


Implementation of any of the alternatives would contribute to cumulative adverse 
effects to the threatened, endangered, proposed, candidate, and sensitive species 
in the Project Area. Cumulative short- and long-term disturbances to these spe- 
cies are many and stem from several sources. Included in the cumulative effects 
evaluated are the direct effects of oil and gas (CBM and non-CBM) extraction, as 
well as development of new oil and gas wells on adjacent lands. Oil and gas de- 
velopment would occur on a mix of federal, state, private, and split estate lands. 
Additional oil and gas extraction (CBM and non-CBM) may occur later within 
the Project Area beyond the level of development currently considered. Activities 
other than oil and gas extraction that contribute to cumulative effects in the Pro- 
ject Area include: coal mining; uranium mining; sand, gravel, and scoria mining; 
ranching; agriculture; construction of roads and railroads: and development of 
rural and urban housing. The effects of these activities on vegetation and wildlife 
resources are discussed in detail in the sections on Vegetation and Wildlife, 
above. 


Cultural Resources 


The goal of the consideration of historic properties under Section 106 of the Na- 
tional Historic Preservation Act of 1966 as amended (P.L. 89-665; P.L. 95-515; 
P.L. 102-575; 80 Stat. 915; 16 USC 470), its implementing regulations, includ- 
ing but not limited to 36 CFR §800, 36 CFR §61, and Executive Order 11593, 
NEPA (P.L. 91-190; 83 Stat. 852; 42 U.S.C. 1500—-17.7; 42 U.S.C. 4321-61) and 
its implementing regulations including 40 CFR §1500—1508, is the preservation 
of the cultural values embodied in those historic properties. The BLM national 
cultural resource management objectives to meet the requirements of the latter 
statutory authorities and additional related authorities listed in BLM Manual M- 
8100.03 are: 


A. Respond in a legally and professionally adequate manner to (1) the statutory 
authorities concerning historic preservation and cultural resource protection, 
and (2) the principles of multiple use. 


B. Recognize the potential public and scientific uses of, and the values attrib- 
uted to, cultural resources on the public lands, and manage the lands and cul- 
tural resources so that these uses and values are not diminished, but rather are 
maintained and enhanced. 


C. Contribute to land use planning and the multiple use management of the pub- 
lic lands in ways that make optimum use of the thousands of years of land 
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use history inherent in cultural resource information, and that safeguard op- 
portunities for attaining appropriate uses of cultural resources. 


D. Protect and preserve in place representative examples of the full array of cul- 
tural resources on public lands for the benefit of scientific and public use by 


present and future generations. 

E. Ensure that proposed land uses, initiated or authorized by BLM, avoid inad- 
vertent damage to federal and non-federal cultural resources. 

The operational objectives to achieve this goal are: 

1. Identification of historic properties within the area of potential effect of pro- 
posed actions that are part of or associated with the federal undertaking: 


Evaluation of the cultural values of those historic properties within appropri- 
ate historic contexts; and 
3. Avoidance or minimization of adverse effects to those cultural values. 


to 


The cultural resources management objective of the BLM Buffalo Field Office, 
including stewardship considerations in addition to Section 106 and NEPA com- 
pliance is to “Protect, preserve, interpret, and manage significant cultural re- 
sources for their informational, educational, scientific, and recreational values” 
(BLM 2001:4). However, in cases of split estate, surface resources, such as cul- 
tural sites, belong to the surface owner. The surface owner must be consulted 
about investigation, mitigation, or monitoring. 


These objectives are achieved through: 


1. Inventory: 

2. Evaluation; 

3. Native American Consultation; 
4. Management Options; and 

5. Monitor; 


Inventory is the process of gathering together information on the cultural re- 
sources that are present in the area of a proposed undertaking. Levels of inven- 
tory include an overview that reviews documentation of previously known re- 
sources and intensive pedestrian survey that inspects the area of potential effect 
(APE) for all evidence of previously known and undocumented cultural re- 
sources. Site-specific inventories are required before surface disturbing activities 
for all federal actions that involve federal surface, federal minerals, federal fund- 
ing, or federal permits. Cultural resource surveys are conducted for individual 
wells, well fields, or PODs as part of the APD process. Block surveys at the well 
field or POD level are advantageous for planning, management, and development 
and eliminate the need for many follow-up or in-fill surveys. Cultural resource 
inventones must conform to current Wyoming standards and guidelines, includ- 
ing the BLM Handbook H-8111-1 Cultural Resources Wyoming Handbook, 
guidance for completion of the Wyoming Cultural Properties Form, and the Buf- 
falo BLM CBM Guidebook. 
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Evaluation is the process of assessing the importance of a cultural resource site. 
All cultural resource sites and many Native American traditional places are 
evaluated in accordance with the National Register Criteria (36 CFR 60.4 (a-d)) 
and within a defined historic context. The National Register Criteria assess 
whether a site is eligible for listing on the National Register of Historic Places at 
the national, state, or local level. A site that is listed on or is eligible for the Na- 
tional Register of Historic Places is considered a historic property. Typically, the 

majority of cultural resource sites are evaluated as not eligible. Cultural resources 

are evaluated as completely as possible during initial documentation. If a site 

) cannot be conclusively evaluated from surface evidence and limited testing, the 
additional information or specialized analysis necessary to complete the evalua- 
tion are identified and a recommendation is made for the most prudent and expe- 
dient procedure to complete the evaluation. Additional studies might include ar- 
chival or other documentary research, evaluation of the resource by a specialist, 
analysis of specialized samples, subsurface test excavations, or other forms of 
well-defined research that are beyond the scope of surface survey. 


BLM or FS will contact tribes that may have legitimate concerns within or re- 
lated to proposed undertakings and convey the major findings of cultural re- 
source inventories. The tribes may raise concerns about the treatment of cultural 
resources, natural resources, or natural landscape features that have traditional 
religious or cultural value. These groups also have concerns about handling inad- 
vertent discoveries of human remains. (The plan for handling human remains in 
the PRB is provided in Appendix L.) Consultation is the government-to- 
government identification of concerns and discussion of their resolution. 


Management options are standard treatments of historic properties, Native 
American concerns, or inadvertent discoveries. The preferred option for the 
treatment of historic properties is avoidance and protection. In most cases, the 
historic property can be avoided and protected by minor adjustments or stipula- 
aions to the proposed undertaking, especially if an adequate area has been sur- 
veyed for cultural resources. If a historic property cannot feasibly be avoided, 
data recovery or other mitigation measures are proposed. The nature and level of 
mitigation depend on the nature and extent of the adverse effect to the historic 
property and must be approved by the BLM or FS, in consultation with the 
SHPO and, if applicable, the surface owner. Any data recovery plan must discuss 
the property in terms of the historic context and identify the research questions 
that would be addressed by the anticipated data classes. 


Monitoring is conducted to: (1) verify that actions have complied with con- 
Straints and stipulations; (2) verify that the constraints and stipulations have 
achieved the intended objectives; and (3) evaluate whither management plans and 
objectives have achieved their goals. Monitoring includes monitoring construc- 
tion for compliance, monitoring for potential discovery situations, and monitor- 
ing of ongoing operations. 


Inventory and Evaluation 


Cultural resource sites are defined as discrete locations of past human activity, 
which can include artifacts, structures, works of art, landscape modifications, and 
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natural features or resources important to history or cultural tradition. These sites 
can include extensive cultural landscapes (for example, farm or ranch land- 
scapes), linear landscapes (for example, historic trails with associated towns, 
forts, and way stations), or railroad landscapes and traditional use areas. In this 
document, significant sites are defined as those sites that are listed on, deter- 
mined eligible for, or recommended eligible for the National Register of Historic 
Places under the Criteria for Evaluation (36 CFR § 60.4), and sites that have not 
been evaluated. 


Federal regulations require cultural resource inventory, recordation, and evalua- 
tion of resources in the area of potential effect as part of the approval process. 
Archaeological clearance is required by the Section 106 process prior to distur- 
bance for all federal undertakings, including projects on federal surface, projects 
recovering federal minerals, and all project requiring federal funding or permits. 
All areas of proposed ground disturbing activity must be inventoried for cultural 
resources. Any discovered resources must be documented and evaluated for elli- 
gibility for the NRHP. In most cases and with proper planning, effects to eligible 
properties can be minimized. Indirect effects from changes to soil stability or 
drainage patterns cannot always be anticipated. Indirect effects can be minimized 
by soil stabilization, fencing, or protective barriers to prevent inadvertent traffic 
in sensitive areas. Direct and indirect effects when eligible sites cannot be 
avoided would be subject to mitigation procedures. Adverse effects can be mini- 
mized by implementation of approved data recovery plans. There are a large 
number of unevaluated sites. These sites can be avoided or additional studies can 
be implemented to evaluate them. In addition, specific procedures are established 
for the treatment of unanticipated discoveries and human remains that were not 
identified by surface investigation. 


An important element of the inventory and evaluation process is the evaluation of 
previously known and newly discovered cultural resources and an assessment of 
potential effects. The following list represents the potential sequence in the 
evaluation of a cultural resource. 


> Acultural resource is identified and documented or revisited. 


» The resource does not meet any of the National Register Criteria. If the 
resource is evaluated as not eligible, no further work is required beyond 
the documentation of the site and its evaluation. Generally, the majority 
of cultural resources are evaluated as not eligible. 


>» Information available from surface survey and limited testing is inade- 
quate to evaluate the resource. Additional historic documentation, spe- 
ctalized analysis, or subsurface testing is necessary to complete evalua- 
tion. If, after this additional work, the resource is evaluated as not eligi- 
ble, no further work is required. 


>» The resource meets one or more of the National Register Criteria and is 
identified as a historic property. 
» Assessment of the potential effects of the proposed actions indicates that 


the historic property will not be affected or that the proposed actions can 
be modified to avoid any adverse effects. 
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>» Assessment of the potential effects of the proposed actions indicates that 
portions of the historic property may be affected, but that those portions 
of the historic property do not contribute to the eligibility of the histonc 
property. Constraints are identified to protect the contributing portions of 
the historic property from adverse effects. 

» If adverse effects to the historic property cannot feasibly be avoided, a 
treatment is recommended to minimize or mitigate adverse effects. 


Native American Consultation 
Effects to traditional cultural properties, localities of traditional concern, and sa- 
cred sites must be considered. Federal regulations require consultation with rec- 
ognized Native American tribes. These include, but are not limited to: 


National Historic Preservation Act, as amended (P.L. 89-665; P.L. 95—515; P.L. 
102-575; 80 Stat. 915; 16 U.S.C. 470-470t, 36 CFR §60; 36 CFR §65; 
36 CFR §800; 36 CFR $801; 36 CFR $61; Executive Order 11593). This 
act requires federal agencies to consult with Indian tnbes regarding fed- 
eral undertakings in order to identify properties with tribal religious or 
cultural significance that may be eligible for the National Register of 
Historic Places (Traditional Culturai Places), and to determine ways to 
avoid or minimize effects to those properties. 


National Environmental Policy Act (P.L. 91--190; 83 Stat. 852; 40 U.S.C. 1500— 
17.7; 42 U.S.C. 4321-61; 43 CFR 1500-1508). This act requires federal 
agencies to consult with Native American tribes regarding land use 
plans. 


Federal Land Policy and Management Act (PL 94-579; 90 Stat. 2743; 43 U.S.C. 
1701). This act provides Native American tribes and groups the opportu- 
nity to express their views and identify places of concern. 


American Indian Religious Freedom Act (P.L. 95-431; 92 Stat. 469; 42 USC 
1996 and 1996a; 43 CFR §7: Executive Order 13007). This act requires 
federal land managing agencies to identify, through consultation, the 
concerns of traditional Native American religious practitioners, and to 
accommodate access to and ceremonial use of sacred sites in the plan- 
ning process. 

Archaeological Resources Protection Act (P.L. 96-95; 93 Stat. 721; 16 U.S.C 
470aa—470mm; P.L. 100-555; P.L. 100-588). This act requires consid- 
eration of Native American concerns and requires that federal land man- 
aging agencies notify appropriate tribes before approving permits for 
excavation of archaeological resources if the location may have cultural 
or religious importance to the tribes. 


Native American Graves Protection and Repatriation Act (P.L. 101-601; 104 
Stat. 3048; 25 U.S.C. 3061; 43 CFR §10). This act requires federal agen- 
cies to consult with appropriate tribes before the authorization of excava- 
tion or removal of Native American human remains and funerary objects 
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with the purpose of determining how the tmbes would like the agency to 
treat these remains. 


Executive Order No. 13007 Indian Sacred Sites. This order requires federal 
agencies to accommodate access to and ceremonial use of Indian sacred 
sites by Indian religious practitioners, to avoid adversely affecting the 
physical integrity, and to maintain the confidentiality of sacred sites. 


In carrying out its mandated responsibilities, BLM is obligated to ensure that the 
concerns that Native Americans have about federal land use plans are adc quately 
addressed. BLM must foster and maintain credible government-to-government 
relationships with Native American tnbes. 


BLM has identified more than 26 tnbes that may have traditional interests and 
concems in the planning area. These include, but are not limited to, the Kiowa 
Tribe, the Apache Tribe, the Comanche Tribe, various Lakota bands and tribes, 
the Northern Arapaho Tribe. the Northern Cheyenne Tribe, the Crow Tribe, the 
Eastern Shoshone Tribe, the Turtle Mountain Chippewa, and the Three Affiliated 
Tribes (Mandan, Hidatsa, and Ankara). In the first quarter of 2001 and again in 
the first quarter of 2002, letters invuing participation in the NEPA analysis were 
sent to all of the tribes and bands that were identified regarding the PRB Oil and 
Gas EIS. Follow-up letters were agai sent to all the above tribes seeking partici- 
pation. In April 2002, additional letters were sent to the Chairmen of the Crow 
Tmbe and the Northern Cheyenne Tribe. Responses expressing concerns were 
received from the Kiowa Tribe, the Apache Tribe, the Comanche Tribe, the Te- 
ton Lakota Tribe, the Oglala Lakota Tribe, and bands of the Minneconjou, Siha 
Sapa, Oohenumpa and Itazipco Lakota. Meetings were held with Cheyenne River 
and Oglala Sioux in April 2001; May 2001 with the Kiowa, Comanche, and 
Apache; March 2002 with the Oglala, Cheyenne River and Rosebud Sioux; and | 
in April 2002 additional letters to Chairman of Crow and Northern Cheyenne 
were sent. Concerns were raised about sacred sites, protocols related to unearth- ; 
ing of human remains, water quality in the Cheyenne River and participation in ; 
the development by tribal members as project monitors. 


Treatments 


Adverse effects to cultural resources can result from the construction and opera- 
tion of well pads, access roads, pipelines, power lines, and compressor stations, 
and from vehicular travel. Effects to sites can be direct as a result of construction 
or other earth disturbing activities, or can be indirect as a function of such things 
as increased erosion, increased access, vibration from traffic or machinery, or 
alteration of the setting. Adverse affects to cultural properties may include altera- 
tion of visual, atmospheric, and auditory aspects of site setting, or site destruction 
by placement of facilities and infrastructure. Indirect effects can be particularly 
important in the consideration of sites that are eligible for their location, setting, 
and feeling, such as emigrant trails or locations of historic battles. Cultural sites 
are a nonrenewable resource and, if disturbed, lose potential information, integ- 
rity, and heritage value. Avoidance of eligible sites is the preferred mitigation. 
Although careful project planning can help alleviate inadvertent or unintentional 
effects to eligible sites, such effects can still occur. Data recovery plans can be 
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undertaken in cases where eligrh!- sites cannot be avoided or are unmmtentionally 
affected. Mitigation of adveise umpacts may include, site avoidance through pro- 
ject relocation or redesign, visual resource management including adjustment of 
the color of facilines, landform screening, detailed mapping and recordation. his- 
tomc documentation, or data recovery. 


Many areas of federal minerals in the Project Area are privately owned surface. 
The surface owners must be kept informed of activities that are planned on their 
resources. They must also understand, or be reassured that resources on their 
property belong to them, that they will be consulted in the mitigation process, 
and that they will have the option of taking possession of any cultural materials 
recovered on their land after the completion of appropriate documentation and 
analysis. BLM’s responsibility is to consider its effects to historic properties. 
Where necessary and possible, BLM, in consultanon with SHPO and the appii- 
cant, will address mitigat:on of adverse impacts to histonc properties. Pursuant to 
the State Protocol Agreement between the Wyoming BLM Siate Director and the 
Wyoming State Historic Preservation Officer, BLM may consider, in consulta- 
tion with the SHPO, proceeding with the action with an adverse effect to histonc 
properties, applying the Criteria of Adverse Effect (36 CFR Part 800.%b)). This 
option is pursued when treatment efforts will not be able to mitigate impacts or 
mitigation is infeasible, is not appropriate, or is not cost effective. Table 4-60 
those effects. 


Project Alternatives 
The Project Area has been divided into 18 sub-watersheds for this analysis. The 
square mile by watershed are shown in Table 4-61. The amount of land involved 
varies greatly by watershed, with the largest amount of acreage im the Upper 
Powder River watershed and the smallest in the North Fork Powder River. As 
expected, the surveyed areas and percent of area surveyed also varied greatly. 
Figure 4-44 shows sections in the Project Area that have been surveyed inten- 
sively and the relative density of sites recorded. The average percent of area sur- 
veyed for the total Project Area is 10.2 percent with a high of 40.6 and a low of 
0.7 percent. The number of sites per square mile for the total Project Area is 6.1, 
with the largest number of sites per square mile found in the Clear Creek sub- 
watershed and the smallest in the Upper Belle Fourche River sub-watershed. The 
Clear Creek sub-watershed is a diverse area that is likely to have a high density 
of sites. However, im this table, the site density is also inflated by thematic sur- 
veys that reported sites, but where no survey acreage is associated. The total 
number of sites recorded in all the watersheds appears low but is likely a result of 
the amount of surveyed acreage being low rather than indicating a low site den- 
sity. The most common sites in the Project Area are prehistoric artifact scatters 
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Table 4-4@ Typical Treatment Options fer Historic Properties 


Potential Impac:s Property Types Treatment Mcasures 
Physical destruction of the property, or clements All property types 
of the property by construction, operation, or asso- Avotdance and protection of property. 


ciated activities 


Indirect deterioration of property caused by desta- | Bunldings, standing structures, rock art or non- 
bilization of the structure itself or of associated portable art, or buried sites, including bone beds. 


sediments or bedrock, damage by fumes or dust, or 
alteranon of vegetation. 


Avoidance and protection of contmbuting or sensi- 
tive portions of the property. Activities can occur 


in non-contnibuting areas. 


If the property cannot be avoided, an approved 
plan for recordation, relocation, or data recovery 
(mit.gation) may be unpiemented. 


Avoidance and protection that may include control 
of potential erosion, sedimentation, or destabiliza- 


tion by limitation of actrvities near the property, 
stabilization measures, or erosion control. 


Control measures to minimize damage to native 
vegetation and prevent invasion by aggressive 


Controi measures, including designated buffer 
distances and protective barners, to mimimuze ef- 
fects of vibration, dust, or fumes. 


Rehebilitation of buildines or enn 


If deterioration cannot be avoided, an approved 
plan for recordation, relocation, or data recovery 
(mitigation) may be mpiemented. 


eee ee 
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Table 4-6@ Typical Treatment Optiens for Historic Properties 


Potential In:pacts Property Types Treatment Measures 


Visual or auditory intrusion on the hisiorte setting May inciude certain buildings, structures, and lo- § Avoidance and protection of those ciements of the 
of a property that is important for its locaton and _— cations o* historic events, historic trails, sacred landscape that are essential to the histone setang 
seting. si. ve rural historic landscapes. of the property. 


If the setting cannot be avoided, the essenual 
character of the seting may be documented, and 
the setting restored after compienion of construc- 
ton 

Aspects of the location, appearance. or operation 
of the undertaking may be modified to mummuize 
intrusion on the histone setting. This might in- 
clude supulanons on the herght, color, emisszons, 
or operational noise leveis of facilines. 
Landscaping elements such as berms or screening 


by vegetation may be used to mimimuze intrusion 
on the histore setting. 


Unintentional disturbance, looting, or vandalism. All property types. Controi of access to the property by fencing, barn- 
ers, Or monitoring. 


Restnction of activities near sensitive areas. 


If the property has been affected. an approved pian 
for damage assessment, recordation, or data recov - 
ery may be implemented. 
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Table 4-61 Previously Surveyed Area and Average Density of Known 
Cultural Reseurce Sites per Square Mile by Sub-watershed 


Sut hed Total — Square Miles Percentage — 
Littie Bighorn River 77.5 0.6 0.7 13.3 
Upper Tongue River 1,156.1 33.7 2.3 13.3 
Middle Fork Powder River 723.7 23.8 3.3 Le 
North Fork Powder River 32.3 0.4 1.3 rs 
Upper Powder River 2,505.5 229.4 9.2 <0 
South Fork Powder River 178.7 5.3 3.0 7.4 
Sait Creek 238.1 1b3 4.7 73 
Crazy Woman Creek 856.7 79 0.9 21.3 
Clear Creek 855.4 6.7 0.3 45.2 
Middle Powder River 350.4 319 91 5.2 
Little Powder River 1,352.3 158.6 bt.7 4.6 
Littie Missoun River 60.2 27 4.5 10.7 
Antelope Creek 1,031.7 206.4 20.0 4.7 
Dry Fork Cheyenne River 483.3 64.0 13.2 8.9 
Upper Cheyenne River 323.1 131.2 40.6 .2 
Lightmng Creek 481.8 62.2 12.9 4.5 
Upper Beile Fourche River 1,320.1 245.3 13.6 4.3 
Middle North Platte River 332.2 41.0 12.4 7.7 
Total £2,361.1 1,262.4 

Average 10.2 6.1 


It is assumed that the areas that have been inventoned for cultural resources in 
each sub-watershed are representative of the range of settings. It is further as- 
Given the total number of previously recorded sites per square mile for each wa- 
tershed, the number of sites expected in the remaining unsurveyed areas is esti- 
mated. Table 4-41 shows the estimate of square miles of total disturbance as a 
result of the Proposed Action and cach alternative and the number of cultural re- 
source sites that may be affected by the proposed disturbance in each sub- 
watershed for the four alternatives. 


Alternative 1 
Alternative | is the Proposed Action. The total square miles of potential impact is 
302.5. Assuming that site density is uniform throughout each sub-watershed, the 
number of sites per square mile from Table 4-62 is used as a multiplier to esti- 
mate the number of sites in the area of potential effect given the square miles of 
new disturbance. The number of cultural resource sites identified will be greater 
because an area larger than the proposed surface disturbance is surveyed. The 
potential number of sites affected by watershed varies from a high of 1,087 to a 
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low of zero where there is no proposed development. All areas of ground distur- 
bance associated with tederal acnions will be surveyed for cultural resources dur- 
ing the APD process. Until those surveys are completed, only rough estimates 
can be made of the actual number of eligibie cultural resource sites that would be 
affected by the proposed ot] and gas development and the nature of the effects. 


Alternative 2 

Alternative 2 differs from the Proposed Action in the methods of boosting com- 
pression and the strategies for produced water management. Although the num- 
ber of proposed new weils to be developed in Alternative 2 is the same as the 
Proposed Action, the area of potential disturbance presented for Alternative 2 in 
Table 4—62 is different than is presented for the Proposed Action. Alternative 2 
also includes two methods for handling produced water (2A and 2B), which dif- 
fer slightly in the area that would be disturbed. 


Table +62 Estimated Square Miles of Total CBM Surface Disturbance 
and Potentially Affected Cultural Resource Sites by Sub- 


watershed and Alternatve 
Altemative | Alternative 2A Alternative 2B = Alternative 3 

4 4 3 2 

2 = = = 

@ 4 ~) y 

o ; 

Sub-watershed ; 3 ; | ; : ; 3 
Little Bighorn River 0 0 0 0 0 0 0 0 
Upper Tongue River 17.6 a 6S TT He @ MS 134 
Middle Fork Powder River 0 0 0 0 0 0 0 0 
North Fork Powder River 0 0 0 0 0 0 0 0 
Upper Powder River 109.7 349 #1239 «8 6&5) = (IDI 616 «=O 134 
South Fork Powder River 0 0 0 0 0 0 0 0 
Sait Creek 1.8 i+ 19 iS 13 1S os 4 
Crazy Woman Creek 22.6 49 264 SS 25.0 535 793 169 
Clear Creek 73 tse BS ILS 7 WR 3 $27 
Middle Powder River 6.3 k*4 71 37 6.7 35 1S 8 
Little Powder River 24.0 ne 625.7 1s 246 i 6=6hld 2S 57 
Little Missoun River 0 0 0 0 0 0 0 0 
Antelope Creek 74 40: 79 06 06 42 %22U9 # £48 
Dry Fork Cheyenne River 0 0 0 0 0 0 0 0 
Upper Cheyenne River $.2 27 3.4 28 5.2 2? 24 12 
Lighting Cre-k 0 0 0 0 0 0 0 0 
Upper Belle Fourche River 80 We 20 MW 474 We WS 123 
Middle North Platte River 0 0 0 0 0 0 0 


332.9 362.7 


The total square miles of potential impact for Alternative 2A is 316.5. The num- 
ber of sites per square mile from Table 4-66 is used as a multiplier to estimate the 
number of sites in the area of potential effect grven the square miles of new dis- 
turbance. This number is the estimated resources potentially affected. A larger 
number will be identified by surveys. The number of sites potentially affected by 
watershed varies from a high of 1,150 to a low of zero where there is no pro- 
posed development. Alternative 2B would result in less total surface disturbance 
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(311.3 square miles) and slightly fewer cultural resource sites potentially af- 
fected. All areas of ground disturbance associated with federal actions would be 
surveyed for cultural resources during the APD process. Until those surveys are 
completed, only rough estimates can be made of the actual number of eligible 
cultural resource sites that would be affected by the proposed oil and gas devel- 
opment. 


Alternative 3 


This alternative would result in no new federal wells. There would still be effects 
from development, drilling, and operations on private or state land. Some of the 
roads and water handling facilities would be located on federal lands. Federal 
agencies would allow these effects. Consequently, a small amount of federal land 
would be affected by private development in Alternative 3. The total square 
miles of potential effect for Alternative 3 is 104.7. The number of sites per square 
mile from Table 4—61 is used as a multiplier to estimate the number of sites in the 
area of potential effect given the square miles of new disturbance. The potential 
number of sites affected by watershed varies from a high of 568 to a low of zero 
where there is no proposed development. All areas of ground disturbance associ- 
ated with federal actions will be surveyed for cultural resources during the APD 
process. Until those surveys are completed, only rough estimates can be made of 
the actual number of eligible cultural resource sites that would be affected by the 
proposed oil and gas development. 


The discussions of each alternative address the total number of cultural resource 
sites that may be directly affected by the extent of proposed surface disturbance 
for each alternative. All of the federal undertakings would be subject to Section 
106 review under the implementing regulations of the NHPA. From 39 to 43 per- 
cent of the proposed development in Alternatives 1, 2A, and 2B would be non- 
federal actions that are not subject to Section 106 review, and only a small pro- 
portion of the access roads and water handling facilities in Alternative 3 would 
be on federal surface and subject to Section 106 review. Based on the proportion 
of known sites that are considered historic properties, only about 15 percent of 
the cultural resource sites that may be affected would be historic properties. 


Based on the estimated number of cultural resources potentially affected by Al- 
ternative 3 and the estimate that about 15 percent of recorded sites are typically 
evaluated as eligible, 178 historic properties would be within the potential area of 
direct surface disturbance of Alternative 3 and the non-federal portions of the ' 
other alternatives. These resources would not be protected by the Section 106 
process. The approximate numbers of historic properties that are likely to be 
taken into consideration in the Section 106 process for potential direct effects are 
257 for Alternative |, 283 for Alternative 2A, and 271 for Alternative 2B. Cur- 
rent data are inadequate to estimate how many historic properties may require 
consideration for indirect effects. Indirect effects are most likely to be an issue 
for sites, districts, or landscapes that are eligible for their association with events, . 
patterns of events or historic persons. The information in the Wyoming Cultural : 
Records Office database is site-specific and cannot provide information on poten- 
tial indirect effects to cultural districts or landscapes. Cultural landscapes and 
sites that are eligible as the locations of events important in history may be sus- 
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ceptible to indirect auditory and visual effects from varying distances. These ef- 
fects cannot be derived from the database or basic documentation. but must be 
identified in the field. 


Although some historic properties would require additional investigations after 
initial survey and documentation to complete evaluation or to confirm their 
boundaries, it would be feasible to avoid and protect the majority of the historic 
properties, possibly 95 percent or more. If it is assumed that the distribution of 
historic properties across the landscape is uniform, it can be estimated that the 
number of historic properties that cannot be avoided by the direct effects of fed- 
eral actions and would require mitigation measures such as stabilization, rehabili- 
tation, detailed recordation, or data recovery would be approximately 13 to 14 
(for example, Alternative |: 257 historic properties times 5 percent equals 13). In 
fact, site distributions are not uniform, and each historic property must be consid- 
ered individually. Over time, as the opportunities for well locations are used, the 
prospects to avoid effects to historic properties would diminish, and the potential 
for inadvertent indirect effects would increase. 


Based on the currently known site densities and the assumptions above, the cu- 
mulative effects of the proposed developments would be that 178 historic proper- 
ties may be directly affected by state and private actions, and that the Section 106 
process for federal actions would avoid or minimize effects to 257 to 283 historic 
properties. Minimizing effects may include mitigation measures at 13 to 14 his- 
toric properties. In addition, oil and gas development would improve access areas 
where historic properties are located, increase traffic and activities near many 
sites, and increase the potential for inadvertent effects from unrelated actions. 


Management Options 


Because of the requirements for compliance with federal regulations including, 
but not limited to Section 106 of the National Historic Preservation Act, NEPA, 
and the Archeological Resources Protection Act, all areas on federal lands or that 
involve federal minerals proposed for disturbance will be inventoried for cultural 
resources. Equivalent regulatory mandates are not in place for private or State of 
Wyoming lands. However, if a project involves a federal permit or authorization, 
federal historic preservation requirements would apply. 


It is evident that all of the alternatives have the potential to affect historic proper- 
ties. As development progresses the opportunities for avoiding direct or indirect 
effects to historic properties will diminish. As more wells are developed it would 
become increasingly difficult to avoid visual and auditory impacts to cultural 
landscapes. Because of long-term planning and management considerations, cul- 
tural resource inventories should target entire PODs rather than piecemeal ac- 
tions. 


The following types of management situations may be encountered: 


1. The resource is not a historic property, and no further work is required. The 
majority of cultural resources are not historic properties; 
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2. The historic property is within an area of proposed disturbance, but the pro- 
posed action can be altered within areas of existing inventory to avoid direct 
adverse effects and protect the property from indirect adverse effects; 


3. The historic property is within an area of proposed disturbance but the pro- 
posed action can be altered, relocated, or constrained within areas of existing 
inventory so that only non-contributing portions of the historic property are 
affected and contributing portions can be protected from adverse impact; 

4. The historic property is not immediately within the area of proposed impact, 
but its location and setting are intrinsic to its eligibility, and the proposed ac- 
tion can be altered, relocated, or constrained in such a way that its intrusion 
on the viewshed and adverse effect contributing to aspects of the setting can 
be minimized; 

5. The historic property is within an area of proposed impact but is a small 
property eligible under Criteria c or d and the property itself, its significant 
attributes, or its important data are not intrinsically tied to their location or 
setting and can be moved, collected, documented, or studied at minimal cost; 


6. The historic property and feasible design of the proposed action are such that 
avoidance and protection of the property is not a viable alternative. In such a 
case, the cultural resource professional would propose a prudent and feasible 
recordation or data recovery plan to submit to BLM for review; or 


7. The historic property was not identified or predicted by the cultural resource 
inventory and was encountered during development or operation of the facili- 
ties. 


Monitoring would assess the effectiveness of management strategies in achieving 
management objectives. If management activities are not achieving these objec- 
tives, the strategies would be modified to improve their effectiveness. 


Land Use and Transportation 


Land Use 


This section discusses the potential effects to land ownership, land uses, and land 
management plans in the Project Area. 


Land Status/Ownership 


Surface or mineral ownership would not be expected to change by implementa- 
tion of any of the alternatives. No direct or indirect effects to existing surface 
land ownership or mineral ownership would occur under implementation of any 
of the alternatives. 


Surface use and rights-of-way approvals would be obtained from federal, state, 
and local agencies. Access easements would be negotiated with landowners or 
secured through the permitting processes of the federal, state, or local jurisdic- 
tional agencies. For Alternative | and Alternative 2, most of the proposed wells 
and ancillary facilities would be located on lands where the federal government 
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owns the CBM mineral estate. However, not all of the surface may be federally 
owned. 


Land Use 

This section discusses the short-term and long-term direct and indirect effects to 
existing land uses that are anticipated to occur from implementation of the pro- 
ject. 


Direct and indirect Effects 

Rangeland is the primary land use that would be affected by any of the alterna- 
tives for both public and private lands in the Project Area. Direct effects to land 
uses result from removal or loss of existing land uses caused by direct distur- 
bances for the project-related facilities or activities, and occur at the same time 
and place as the project-related action. Direct effects to land uses would occur 
from construction of the proposed facilities for any of the alternatives. The acres 
' of disturbance for each of the alternatives are estimated based on the proposed 
number and tentative locations of wells and other project facilities. Facility- 
specific disturbances were estimated using data collected from existing oil and 
gas development in the Project Area. 


Med ha Nh Ree 


Indirect effects to land uses are reasonable foreseeable results of project-related 
activities that occur later or are removed in distance from the project-related ac- 
tion. Indirect effects may occur to land uses on properties adjacent to the project- 
related facilities for any the alternatives. For example, project-related vehicles 
and equipment may generate air emissions, fugitive dust, noise, and increased 
risk of traffic accidents and visual and aesthetic effects may result from project- 
related facilities and activities. Land disturbances also increase the potential for 
the introduction and spread of noxious weeds. 


Alternative 1 


Effects to land uses are addressed for the two primary phases of the Proposed 
Action: drilling and construction of facilities (short-term disturbances), and pro- 
duction and maintenance (long-term disturbances) After decommissioning, rec- 
lamation, and final closure of project-reiated facilities, the pre-existing land uses 
would be re-established. 


The land use disturbances associated with the Proposed Action include two pri- 
mary components. The first is the CBM wells and ancillary facilities. The second 
component is the non-CBM wells and ancillary facilities. Under the Proposed 
Action, wells and ancillary facilities would be installed and operated within 10 of 
the 18 sub-watersheds that make up the Project Area. Most of the new wells (64 
percent) and facilities would be constructed in two sub-watersheds: the Upper 
Powder River and Upper Belle Fourche River sub-watersheds. Other sub- 
watersheds that would contain relatively high numbers of wells and facilities in- 
clude Clear Creek, Crazy Woman Creek, Antelope Creek, Little Powder River, 
and Upper Tongue River. 


For the CBM wells, implementation of this alternative would cause short-term 
disturbance of as many as 193,589 acres. The short-term disturbance associated 
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with Alternative | would involve about 3 percent of the almost 8 million-acre 
Project Are2. Under the Proposed Action, surface disturbances and effects to ex- 
isting land uses would occur during drilling and construction of the proposed fa- 
cilities, including well pads, CMFs, roads, pipelines, power lines, compressor 
stations, and water-handling facilities. Most of the short-term disturbance would 
be associated with construction of the pipelines, roads, and water-handling facili- 
ties. Compressor stations would account for a small portion of the overall distur- 
bance. 


After the proposed facilities have been installed, much of the disturbed land 
would be reclaimed, revegetated, and returned to pre-existing land uses. After 
pipelines have been reclaimed and well pads and compressor stations reclaimed 
in part, long-term disturbance associated with the new CBM wells would encom- 
pass about 85,884 acres. The acreage for long-term disturbance is a 45 percent 
reduction from the short-term disturbance. The roads and water handling facili- 
ties would represent most of the long-term disturbance. 


A large portion of the disturbances associated with the Proposed Action involve 
the large water-handling facilities that would be constructed to contain the pro- 
duced water over the life of the project. Approximately 27,009 acres of total sur- 
face area would be disturbed both short-term and long-term for the water han- 
dling facilities for the Proposed Action. Most of this disturbance would occur 
within the Upper Powder River and Upper Belle Fourche River sub-watersheds. 


In addition to the disturbances associated with the CBM wells, about 3,200 non- 
CBM wells would also be completed over a 10-year period as part of the Pro- 
posed Action. Of these wells, 3,000 would be drilled within the Buffalo Field 
Office Area and 200 wells would be located within the Casper Field Office Area. 
Short-term disturbance associated with construction of non-CBM wells and asso- 
ciated facilities would affect 8,800 acres of the Project Area. Most of this distur- 
bance would occur in three watersheds: Little Powder River, Upper Belle 
Fourche River, and Upper Powder River. After the non-CBM wells are opera- 
tional and partial reclamation has occurred, the long-term disturbance wou!d be 
reduced to 85 percent of the original disturbance, or 7,520 acres. 


Rangeland is the predominant land use that would be displaced by project-related 
facilities for both the short-term and long-term cumulative proposed disturbance, 
as shown on Table 4-63 and Table 4-64. The cumulative total disturbance shown 
on Table 4-63 does not include that acreage that would be disturbed by the 
CMFs or water handling facilities because the locations proposed for these facili- 
ties are not yet defined. As shown in Table 2-41, 80 percent of the CBM well 
pads wouid be located on private land. Almost 90 percent of the land disturbed 
would be rangeland. Two percent of the total rangeland in the Project Area would 
be affected under implementation of Alternative 1. 


Direct effects to existing land uses would result from clearing of or damage to 
vegetation and disturbance of soils for construction and installation of the pro- 
posed facilities. Implementation of the Proposed Action could have both positive 
and negative direct and indirect effects on the amount of grazing capacity and 
AUMs for the rangeland in the Project Area. Potential direct impacts to range- 
land would include loss of vegetation or forage for livestock grazing that would 
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Table 463 Projected CBM Disturbances of Alternatives 1, 2A, and 2B te Land Uses by Type of Land Use and Sub-watershed 
a SE I A TOE 


Alternatives |, 2A. 2B 
Proposed Disturbance by Sub-watershed ( Acres) 


Agneuiture Barren Forested Mixed Rangeland © Wetlamis ( roan W ater Coal Mines Total 
eer etinitd Sret 

ebvinates BAA RS Seeee Se Sx = Ree eS 

Lottie Bighorn River 3 . oe 0 0 rT te {oS 2 0 0 = “uw 2 
Upper Tongue River 6S mw 0 e > i 649 23% +@ @ 3 2 0 0 ® o@ 7455 2708 
Middle Fork Powder 3 2 0 0 19 lo — a) 0 0 0 ) 0 0 W 0 66 © 
North Fork Powder 0 ® 0 0 0 0 3 a =z o 0 0 . 4 ; 2 
 pper Powder se 1 1367 4 S290 1925 © OO &8 4 ® 8 $5938 20338 
South Fork Powder 0 ® 0 0 3 2 6 oe oe so 0 0 at s ? 
Salt Creek 0 eo 0 0 . 5 Lie 22 © @ i 4 0 0 oe oo ie 437 
Crazy Woman Creek 9 3 0 0 4 ths 39 187) 88 ol 0 0 ® © 13% 399 
Clear Creek %7 30 4 » ms @ mses 23% 020 0@06UmtmlC lll ® @ MSs 4195 
Middle Pow der River $1 >. &. eae5 es ne o @ 0 0 ® oo 32 Lo 
Luttie Powder River L719 SC 0 SS2 454 Ie 67 © OO Mm % 3 14 6 S$ 6S 7970 
Little Massour 4 2 @ 0 ; [an SS 2 9 0 o>. =e =o 
Antelope Creek 74It 26te = 9 s 7 32s om = 60Oetti 0 0 3-2 AST 1TO8 
Dry Fork Cheycane 4 2 e e 3 . ee 6 € ’ 0 0 eo oe ms oS 
( pper Cheyenne Sa $ 3 > 269 1: 7 tt 3 2 ? 2 6 S$ 188 1239 
Lightning (Creek 19 lo 0 0 0 0 le Ww 0 0 0 0 6 0 1) 0 135 its 
L pper Belle Fourche 3481 1 OOS ETS mo 7 0 e Ss RN MA 4R 
Nhddle North Ptatte Casper 3 os 2 = » ss oo 0 .  - 0 0 o 0 ws 
Total 16413 6079 MS 89 2893 1405 IS4072 SRIZZ 198 6S 439 173} 186 06—6®)|6 || ITKAR (66,036 
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Table 4-64 Projected CBM Disturbances of Alternatives 1, 2A, and 2B te Land Uses by Type of Land Use and Surface Owner 
TO a A a ET 


Alternatives |, 2A, 2B 
Proposed Disturbance by Surface Owne: ( Acres) 


BLM 
Sub-watershed BFO CFO Forest Service State Private Total 
Short-term Long-term Shortierm Luag-term Short-term Long-ierm Short-term Long-ierm Short-term Long-ierm Short-ierm Long-ierm 

Agneulture 7 3 0 0 1,658 592 507 14 14,240 $301 16,413 6,079 
Barren 0 0 0 0 0 0 Lis 40 132 49 245 89 
Forested 453 222 6 $ 39 33 186 101 2211 1044 2,893 1,405 
Mixed Rangeland 13.216 6,772 30 26 5,243 2,169 10,201 3,338 120331 45.319 154072 58,123 
Wetlands 0 0 0 0 3 I 3 2 188 62 oat 65 
Lrdan 27 9 0 0 0 0 1S 7 398 158 439 173 
W ater 0 0 0 0 0 vy) 26 9 160 60 186 69 
Coal Mine 0 0 0 0 0 ) 0 0 39 33 39 33 
Total 18,702 7,006 36 31 6,943 2,795 11,050 4.130 137,749 $2,025 174,481 66,036 
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resuit from the land disturbances associated with construction, and an increased 
potential to introduce an spread noxious weeds. 


Under the Proposed Action, potential indirect impacts to rangeland and other 
land use> could result from surface disturbances that introduce nonnative, non- 
palatabie plant species for cattle or other livestock. The BLM does not allow non- 
native species im reclamation mixes on federal lands. However, the BLM does 
not dictate the piant species that are required by private landowners. The land 
management practices and strategies to prevent and control the spread of noxious 
weeds are discussed under Mitigation. 


Land disturbances would result in a reduction in the grazing capacity and the loss 
of 2 percent of the rangeland and associated AUMs in the Project Area. How- 
ever, the number of AUMs could increase in areas where produced water from 
CBM development is used to mmprove rangeiands by wmganon. CBM produced 
water could be applied through land application, imgation, discharge. or storage 
in upland areas. Constructor of stock ponds and irmgation systems could allow 
increased forage and grazing. The increased availability for stock watering could. 
however, increase the potential for overgrazing. Potential effects could include an 
increase in the number of AUMs,. overgrazing, and imtroduction of noxious 
weeds. These effects would vary based on the quality of the produced water and 
site-specific conditions such as soi type and existing rangeland vegetation. 


The potential impacts to land use associated with the Proposed Action include the 
cumulanve threshold effects of SAR and salinity that would result from the ap- 
plication of water produced by CBM development to crops and rangeland, such 
as umgation or land application. The land apphcanon of produced water in up- 
land areas has the potential to have both positive and negative effects on land 
uses. The effects of irmgation or submersion on crops and rangeland vegetation 
would vary based on the quality of the produced water to be used for irmgation 
and other site-specific conditions, such as soi clay mineralogy and chemistry. 
individual piant tolerances to SAR and salinity. and water management practices. 
The productivity and yield of crops or rangeland grazing capacity may be re- 
duced by the use of mgation water with high SAR and salinity values. SAR val- 
ues of |3 or more may cause practically wreversibie changes to soil structure that 
may impact crops or rangeland vegetation (Seelig 2000, U.“ S>'nity Laboratory 
Staff 1954). As indicated in Section 4, Surface Water. th. + qwerage SAR 
values for undiluted produced waters range from 6.4. ©. ' wer Cheyenne 
River sub-watershed to 38.7 for the Upper Tongue River su«-watershed. The 
predicted salinity values for imgation water (ECw) for the undiluted produced 
water in the sub-watersheds of the Proyect Area range from 0.6 to 2.4 mmhos cm. 
For potential yields of 100 percent. typical relative tolerances for field crops two 
salinity in wngation water (EC) generally range from 0.7 to 5.3 mmhos/cm (EPA 
2002b). 


Discharges of produced waters and thew use for rmgation would be in accor- 
dance with the guidance and requirements of the State of Wyormung. The specific 
site-specific impacts to crops and rangeland piants are not quantfiabie at this 
tume. Site-specific assessments of these impacts are required as part of the APD 
appreva! process. Implementation of the MMRP provided in Appendix D would 
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munamize the potential effects to land use associated with SAR, salinity, and 
standing water (such as during flood irngation). 


The predicted average SAR values for the produced water in each sub-watershed, 
and the suitability of the produced water for uwmgation are analyzed in Surface 
water are provided in Soils. Potential impacts to vegetation from each alternative 
are analyzed in Vegetation. 


Indirect adverse effects may occur to the land uses on properties adjacent to the 
eet Saltien Gann tual om of the P yr ' 
generation of air emissions, fugitive dust, and noise, visual and aesthetic effects 
of the project-related facilities and activities, increased traffic levels from pro- 
ject-related vehicles, and increased opportunities for public access as a result of 
the development of new and upgraded access roads for the life of the project. 


An analysis of the potential impacts associated with air emissions, fugitive dust. 
and noise is provided in Air Quality and Climate and Noise. Visual effects are 
analyzed in Visual Resources. 


The anticipated impacts to the recreational land uses and visual resource areas, 
such as WSAs and other SMAs on BLM lands, are analyzed im Recreational Re- 
sources, and Visual Resources. No surface occupancy (NSO) for mineral devel- 
opment has been stipulated for the Fortification Creek WSA and most of the 
other SMAs. No direct land use mmpacts would occur in the Fortification Creek 
WSA, Cantonment Reno, or Weston Hills Recreation Areas because no project- 
related facilities are proposed in these areas. Indirect effects to these areas may 
activity associated with CBM development. There would be no effects to recrea- 
tional uses within the other SMAs in the Project Area because they are located 
10 males or more outside of the coal boundartes in the Middle Fork Watershed. 


Alternatives 2A and 2B 


With the exception of the overall methods for handling the disposal of produced 
water, the land use effects associated with implementation of Alternatives 2A and 
2B are sumular to those for the Proposed Action. 


For both Alternative 2A and 2B, the number and distnbution of CBM and non- 
CBM wells are the same as evaluated for Alternative |. Short-term disturbances 
for non-CBM wells would be 8,800 acres, and long-term disturbances would be 
7,520 acres. 


For Alternative 2A, short-term disturbance from CBM development would be 
202,843 acres of total surface area. Long-term disturbance associated with Alter- 
native 2A would be 95,138 acres. Much of this long-term disturbance would be 
associated with 36,263 acres of surface area that would be disturbed for the water 
handling facilities to contain the produced water from the proposed CBM weils. 


For Alternative 2B, short-term disturbance from CBM development would be 
199,233 acres of total surface area. Long-term disturbance would be 
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91,528 acres, of which 32,653 acres would be associated with the water handling 
Ea litt 


For both Alternative 2A and Alternative 2B, rangeland is the predominant exist- 
ing land use that would be displaced by the project-reiated facilites for both the 
short-term and long-term effects. The potential disturbance from non-CBM weils 
: and indirect impacts to land uses would be about the same as were described for 
Alternative 1. 


Alternative 3 


There would be no new federal weils under this alternative. However, develop- 
ment of non-federal CBM wells would continue to occur on non-federal lands 
within the Project Area. The agencies assumed development of private and state 
minerals would occur along the same overall schedule as for Alternative |. The 
Companies would drill approximately 15,504 new CBM wells between 2002 and 
2011. These wells would be in addition to the 12,024 CBM wells already permit- 
ted or drilled on federal, state, and private lands within the Project Area. A total 
of 27.528 CBM wells would be developed by 2011 under this alternative. An 
additional | 302 non-CBM wells would be installed under Alternative 3. 


As desenbed under Alternative | and Alternatives 2A and 2B, some of the new 
CBM wells would be dnilea from the same well pads; therefore, the number of 
pads constructed would be less than the number of wells dniled. 


Because fewer new wells would be dniled and fewer pads, roads, and pipelines 
would be constructed under Alternative 3, the number of facilities constructed 
would be smaller than under the Proposed Action. The overall short-term and 
long-term disturbances associated with this alternative would be less than that 
which would occur with implementation of Alternative | or Alternatives 2A or 
2B. Rangeland is the predominant land use that would be displaced by project- 
related facilities for both the short-term and long-term cumulative disturbance 
proposed (for both CBM and non-CBM wells), as shown in Table 4-65 and 
Table 4-66. 


Short-term direct adverse effects to land uses would result from clearing or dam- 
age to vegetation and disturbance of soils for dmiling and construction of facili- 
tes. For Alternative 3, short-term direct effects associated with the CBM wells 
would displace approximately 79,052 acres from the existing land uses, primarily 
rangeland. In addition, 3,58! surface acres would be disturbed by construction of 
non-CBM wells. Most of this disturbance would occur in three sub-wazersheds. 
They are the Little Powder River, Upper Belle Fourche River, and Upper Powder 
River. 


Long-term direct effects to land uses would result from production and mainte- 
nance for the life of the project. Once the CBM wells are operational and partial 
would displace 35,458 acres from the existing land uses, primarily rangeland. 
Approximately 11,683 acres of the total long-term disturbance would be dis- 
placed for the water handling facilities to contain the produced water from the 
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Table 4-65 Projected CBM Disturbances of Alternative 3 to Land Uses by Type of Land Use and Sub-watershed 
a SS 


Alternative 3 
Proposed Disturbance by Land Use Type(Acres) 
Agriculture Barren Forested § Mixed Rangeland Wetlands Urban Water Coal Mine Total 
PEPE PEP EEEEEEELEGES 

Be See eeteere cee aes 

Little Bighorn River 3 2 0 0 0 0 il y 0 0 0 0 0 0 0 0 14 12 
Upper Tongue River 659 260 0 0 218~—=s BI 5,720 2,045 0 0 3 2 0 0 0 0 6,600 2,388 
Middle Fork Powder 3 2 Q 0 0 0 19 16 0 0 0 0 0 0 0 0 22 19 
North Fork Powder 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder 1140 = 411 0 0 472 171 11544 4,234 0 0 48 18 0 0 0 0 13,204 43834 
South Fork Powder 0 0 0 0 3 2 6 5 0 0 0 0 0 0 0 0 x 7 
Salt Creek 0 0 0 0 0 0 565 205 0 0 0 0 0 0 0 0 565 205 
Crazy Woman Creek 9 3 0 0 8 4 3,680 1,287 5 2 28 10 0 0 0 0 3,729 1,306 
Clear Creek 967 330 0 0 184) SB 6,782 2,418 0 0 12 4 144 51 0 0 8,088 2.861 
Middle Powder River 33 21 0 0 54 = 23 463 205 0 0 0 0 0 0 0 0 550 249 
Little Powder River 1372 ©6660 0 0 122 ® 6,055 2,752 0 0 78 27 29 il 6 5 7,661 3,454 
Little Missouri 8 7 0 0 0 0 83 71 0 0 0 0 0 0 0 0 9] 78 
Antelope Creek 3,586 1,262 0 0 0 0 10,237 3,633 0 0 0 0 0 0 0 0 13,823 4,895 
Dry Fork Cheyenne 8 7 0 0 0 oO 6 310 0 0 0 0 0 0 0 44 38 
Upper Cheyenne 210 76 10 5 0 0 1,196 469 3813 6 0 0 0 0 6 5 14¢ 560 
Lightning Creek 14 =... a 0 0 oO 55 47 «(0 0 0 0 0 0 0 0 64 59 
Upper Belle Fourche 2,664 1,040 191 67 11 9 11,591 4.482 7 4 164 73 0 0 17 14 «14,645 5,689 
Middle North Platte Casper 0 >. @ 2 0 0 44 3 OO 0 0 0 0 0 0 0 474 
Total 10,676 3,993 203 74 «61070 448 58,086 21,944 25 11 333 135 173 63 28 24 70,594 26,693 
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Table 4-66 Projected CBM Disturbances of Alternatives 3 to Land Uses by Type of Land Use and Surface Owner 


Alternative 3 Cumulative Disturbance by Surface Owner (Acres) 


Forest Service 


Private 


Total 


Land Use Type Short-term __Long-term Short-term Long-term _Short-term__Long-term Short-term Long-term Short-term Long-term Short-term _Long-term 
Agriculture 0 0 0 0 508 179 481 175 9,687 3,640 10,676 3,993 
Barren 0 0 0 0 0 0 113 40 91 35 203 74 
Forested 0 0 0 0 3 2 175 91 893 355 1,070 +s 
Mixed Rangeland 0 0 0 0 664 270 9,516 3,581 47,906 18,093 58,086 21,944 
Wetlands 0 0 0 0 0 0 3 2 22 9 25 11 
Urban 0 0 0 0 0 0 15 7 318 128 333 135 
Water 0 0 0 0 0 0 26 4 147 54 173 63 
Coal Mine 0 0 0 0 0 0 0 0 28 24 28 24 
Total 0 0 0 0 1,174 452 10,328 3,905 59,064 22,313 70,594 26,693 
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proposed CBM wells. The long-term disturbance from the non-CBM wells is 
estimated to be an additional 3,060 acres. 


Under Alternative 3, the existing land uses in the Project Area would continue to 
experience long-term indirect effects from air emissions, fugitive dust and noise, 
visual and aesthetic effects of the project-related facilities and activities, in- 
creased traffic levels from project-related vehicles, and increased public access 
opportunities as a result of the development of new and upgraded access roads 
for the life of the project. Short-term indirect adverse effects to the land uses on 
properties adjacent to the project-related facilities would also occur through 
physical intrusion of the construction crew and equipment and the temporary ob- 
struction or delay of traffic at road crossings during the construction and insialla- 
tion phase. 


Consistency with Land Use Plans 


Implementation of Alternative | or Alternatives 2A and 2B would be consistent 
with land use plans of the State of Wyoming, the planning goals of the four coun- 
ties, and planning goals of numerous incorporated areas within the Project Area. 
The results of the analysis of federal land use plans are presented in Chapter 5. 


Although some of the proposed wells are within or near incorporated areas, pri- 
marily near the City of Gillette, zoning regulations allow oil and gas develop- 
ment within designated zoning districts. 


Cumulative Land Use Effects 


Under Alternative | or Alternatives 2A and 2B, the Companies would drill, com- 
plete, and operate an additional 39,367 new CBM wells within the Project Area 
by the end of 2011. Including the 12,024 CBM wells already permitted in the 
Project Area, Alternative | or Alternatives 2A or 2B would have a cumulative 
total of 51,391 new CBM wells and 3,200 non-CBM wells within the Project 
Area by the end of 2011. The life of the project for these alternatives would be 20 
years and project-related activities would be completed around 2021. 


Under Alternative 3, the Companies would drill approximately 15,504 new non- 
federal CBM wells between 2002 and 2011. These wells would be in addition to 
the 12,024 CBM wells already permitted or drilled on federal, state, and private 
lands within the Project Area. A cumulative total of 27,528 CBM wells would be 
developed by 2011 for this alternative. An additional 1,302 non-CBM wells 
would be installed under Alternative 3. 


A comparison of acres of the total surface area disturbed for the project facilities 
associated with each alternative is shown on Table 2-41. Both short-term and 
long-term disturbances would be substantially less for Alternative 3 than for Al- 
ternative | or Alternative 2. 


Transportation 


| _ 


This section analyzes the potential effects of construction and operation of the 
proposed facilities on the transportation resources within the Project Area. 
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For any of the alternatives, the potential direct effects to transportation resources 
would include a significant amount of increased vehicular traffic and risk of traf- 
fic accidents on existing roadways in the Project Area from daily travel of pro- 
ject-related employees. Indirect effects would include minor traffic delays from 
short-term closures at some road crossings, increased wear and tear on existing 
roads, additional air emissions, fugitive dust from roads, noise, increased poten- 
tial access to remote areas, an increased risk of vehicle collisions with livestock 
and wildlife, and visual intrusion of project-related vehicles and activities. 


For any of the alternatives, the proposed new roads to access well pads (resource 
roads) would be developed in accordance with accepted current transportation 
practices of the oil and gas industry. New resource roads on BLM or FS lands 
would meet the minimum BLM requirements for road design and maintenance, 
as defined in the APD and ROW applications. 


The specific locations for the wells, new resource roads, and other project-related 
facilities are not yet defined; therefore, site-specific impacts to traffic and roads 
are not quantifiable at this time. Site-specific assessments of these impacts are 
required as part of the APD approval! process. 


Rail service and airports within the Project Areas would not be affected by any of 
the alternatives. Drilling operations for any of the alternatives would comply with 
the requirements of the Federal Airport Regulation Sub-Part 77 (FAR Part 77). 
Obstructions to air navigation are defined as any structure that is 200 feet above 
ground level or above the established airport elevation, whichever is higher, and 
within 3 miles of the established airport reference point. The FAA Form 7460-1, 
“Notice of Proposed Construction of Proposed Construction or Alternation,” is 
required to be submitted to FAA at least 30 days before construction begins near 
an airport. 


The transportation-related impact analysis assumed that: 


» The construction and installation phase for any of the alternatives would 
occur within the entire Project Area over a 10-year period. Short-term and 
long-term increases in daily traffic would result from the proposed activities 
for any of the alternatives. 

>» Equipment needed for construction and installation of the proposed facilities 
for any of the alternatives would include heavy equipment (mobile drilling 
rig, bulldozers, graders, track hoes, trenchers, and front-end loaders), and 
heavy- and hght-duty trucks. 

>» Short-term increases in daily traffic were assessed for all the alternatives 

based on the daily travel of the average number of estimated workers for the 

peak activity year for all project-related activities. 

Increases in average daily traffic counts would occur on the primary access 

roads into the Project Area, predominantly Interstate 25, Interstate 90, U.S. 

Highways 14 and 16, State Highways 59 and 387, and the county roads. 


> An average of 1.5 workers per vehicle was assumed to compute the in- 
creases to average daily traffic count for the roads in the Project Area attrib- 
utable to project-related vehicle trips for all of the alternatives. Each worker 
was assumed to make one round trip per day. 


Vv 
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> No new public roadways or new intersections would be built under any of 
the alternatives. 

> A significant traffic volume impact would occur if the project-related vehi- 
cle trips generate a 25 percent or more increase in the average daily traffic 
count compared with the existing (background) average daily traffic counts 
for the major access roads in the Project Area. 

> An increase in the accident rate is likely at intersections, or locations such as 
where a lane merges, if the increase in number of vehicles that enter existing 
intersections is significantly higher (10 percent of more) than background 

siti 


Alternative 1 


For the Proposed Action, the direct effects to transportation resources would in- 
clude a significant increase in vehicular traffic (more than 25 percent increase 
compared with existing traffic counts) on existing roadways in the Project Area 
from daily travel of project-related employees. The risk of traffic accidents would 
increase on roads used to access the Project Area in proportion to the additional 
traffic. 


Under the Proposed Action, approximately 7,135 miles of new improved and 
10,619 miles of two-track roads would be developed with the new CBM facili- 
ties. The Companies would pay the costs associated with construction, mainte- 
nance, and reclamation of proposed new resource roads. The counties and Com- 
panies would be responsible for maintaining the project’s improved roads in the 
Project Area. The counties would continue to maintain the existing county roads 
and any roads covered by maintenance agreements with BLM. The Companies 
would maintain all other project roads. The Companies would not routinely em- 
ploy dust abatement procedures on the roads in the Project Area during produc- 


For the Proposed Action, the estimated CBM and non-CBM employment for 
each year of the project for all project-related activities is provided in Tables 2- 
16 and 2-20. Under implementation of Alternative |, the estimated number of 
cumulative employees for the peak activity year 2007 was used to calculate the 
maximum number of additional project-related vehicle trips for short-term ef- 
fects. 


Transportation-related etfects from implementation of the Proposed Action are 
summarized as follows: 


» In the short term, the average daily traffic would increase by approximately 
7,627 additional vehicle trips (based on an estimated 5,620 workers per day) 
during the peak activity year (2007), distributed over the various roads 

> Long-term increases in traffic would vary proportionately with the number 
of employees and activities required for each year of the project. 


>» Based on the proposed well locations, 63 percent of the additional daily traf- 
fic caused by project-related vehicles would occur within the Upper Powder 
River and Upper Belle Fourche River sub-watersheds. Project-related traffic 
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would be dispersed throughout these two sub-watersheds and would result 
in a relatively large increase in traffic on state and local roads during the life 
of the project. The increased volume primarily would affect State Highways 
59 and 387. 
Most of the remainder of the additional daily traffic from project-reiated 
vehicles would occur in the Clear Creek, Crazy Woman Creek, Upper 
Tongue River, Antelope Creek, and Little Powder River sub-watersheds as a 
result of the relatively high numbers of proposed wells and facilities. 
>» The estimated increases to average daily waffic attributable to project- 
related vehicles is more than a 25 percent increase compared with the exist- 
ing average daily traffic counts for some of the roads in Project Area. 
» The estimated increase in risk of traffic accidents from additional project- 
related vehicles would be approximately the same percent increase as for the 
average daily traffic counts caused by project-related vehicles compared 
with the existing daily traffic counts for the roads in the Project Area. 
at some road crossings, increased wear and tear on existing roads, additional 
air emissions, fugitive dust from roads, noise, increased potential access to 
remote areas, an increased risk of vehicle collisions with livestock and wild- 
life, and visual intrusion of project-related vehicles and activities. 


Alternatives 2A and 2B 


Under implementation of Alternatives 2A or 2B, the effects to transportation re- 
sources would be similar to those descnbed for Alternative | and would include a 
significant amount of increased vehicular traffic and a proportionate msk of traf- 
fic accidents on existing roadways in the Project Area from daily travel of pro- 
ject-related employees. 


Alternative 3 


Because fewer new wells would be drilled and fewer pads, roads, and pipelines 
would be constructed under Alternative 3, the number of average workers per 
day would be less than that under the Proposed Action. The direct effects to 
transportation resources from Alternative 3 would include a significant amount of 
increased vehicular traffic (more than 25 percent), and a proportionate risk of 
traffic accidents on existing roadways in the Project Area from daily travel of 
project-related employees. For Alternative 3, the estimated CBM and non-CBM 
employment for each year of the project for all project-related activities is pro- 
vided in Tables 2-36 and 2-40. The estimated number of employees for the peak 
activity year (2007) was used to calculate the maximum number of additional 
project-related vehicle tnps for short-term effects. Based on a cumulative total of 
1,237 workers for all activities, the average daily traffic would increase by 1,649 
additional vehicle trips, distributed over the various roads within the Project Area 
for the peak activity year for Alternative 3. The long-term increases in traffic 
would vary proportionately with the number of employees and activities required 
for each year of the project. 


Vv 
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Cumuiative Transportation Effects 

state, BLM, FS, and county roads, would occur as a result of project-related ve- 
hicular traffic associated with implementation of any of the alternatives. The ad- 
ditional traffic is expected to increase the rate of degradation of the existing pub- 
lic roadways im the Project Area, primarily in the Upper Powder River and Upper 
Belle Fourche River sub-watersheds. 


Because the number of traffic accidents has increased on some county and state 
roads in areas of existing CBM development, an increased risk of traffic acci- 
dents 1s likely in proportion to the amount of increased daily traffic for any of the 
alternatives. The cumulative transportation effects associated with additional ve- 
hicle trips under implementation of Alternatives |, 2A or 2B would be consid- 
erably greater compared with Alternative 3. Additional traffic, nsks of accidents, 
and indirect effects would be proportionate to the number of employees and ac- 
tivities for each year of the project. Increased degradation of existing roadways 
may result from any o: the alternatives. Based on the distribution of the tentative 
well locations for Alternatives |, 2A, and 2B, wear and tear on roads would 
likely occur in ail four counties, primanly in Johnson and Campbell Counties. 
Under implementation of Alternative 3, wear and tear on roads would likely oc- 
cur primarily in Johnson, Sher:dan, and Campbell Counties. 


The cumulative impacts to transportation resources also include the potential for 
overlapping restrictions and federal stipulations to affect the ability of the opera- 
tors to obtain access to leases on private or state lands. Access for entry to state 
or private lands that are surrounded by federal lands is not likely to be limited by 
federal mitigation requirements for CBM development in the Project Area. 


Visual Resources 


Development of coal bed methane in the Project Area would alter the physical 
setting and visual quality of the landscape and would affect the landscape as ex- 
perienced from sensitive viewpoints, including travel routes and popular use ar- 
eas. The proposed facilities would introduce new elements into the landscape and 
would alter the existing form, line, color, and texture, which characterize the ex- 
isting landscape. The landscape provides a scenic setting for recreational and 
residential uses of the area. 


Direct effects to visual resources occur as a result of the disturbance of the land- 
scape by project activities and the addition to the landscape of proposed facilities, 
including the well pads, pumping units, compressors, and associated electric 
power lines, pipelines, and access roads. Direct effects can be short or long term. 


Short-term effects result from temporary disturbances to visual resources, includ- 
ing construction and installation activities. Short-term effects to the visual char- 
acter of the landscape can result from construction of small temporary pits on 
drill sites, well drilling, and construction of ancillary facilities, such as access 
roads, pipelines, power lines, CMFs, and compression stations. 
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Long-term effects result from the addition of permanent structures to the land- 
scape and from operation of facilities. Long-term disturbance would result from 
the development of wells pads, CMFs, improved and two-track access roads, 
power lines, and compressor stations. Effects from long-term disturbance would 
occur over the expected 20-year life of the project. The largest effects would oc- 
cur from the addition to the landscape of wells and the disturbances that resuit 
from the removal of vegetation on weil pad areas and access roads. Each two- 
Project / .... All gathering lines, water lines, high-pressure gas lines, and under- 
ground electrical cables would be located along road ROWs wherever feasible, 
and would likely result in visual effects that exceed the access roads alone. 


Alternative 1 


Construction Disturbance 


Short-term effects during the 10-year construction period to the visual character 
of the landscape at each well pad would result from well pad construction, well 
drilling, and associated construction of ancillary facilities, such as access roads, 
power lines, pipelines, and compressor stations. Construction and installation of 
pipelines would immediately follow construction of access roads and well pads 
and would coincide with completion of well dniling. Each access road to a well 
pad would connect with local roads that provide access in the Project Area. All 
gathering lines, water lines, high-pressure gas limes and power lines would be 
located adjacent to road ROWs. A summary of estimated short-term disturbance 
from each type of facility within each sub-watershed is provided in Chapter 2. 


The short-term disturbance associated with implementation of this alternative 
could disturb as many as 202,389 acres or 3 percent of the Project Area. Most of 
the disturbance would occur on federal, state, and private lands inventoned with 
VRM Class IV. Most of the disturbance would result from construction of pipe- 
lines and roads. Temporary disturbances would not conflict with VRM objectives 
because for each well pad and associated access road and power line, construc- 
tion disturbances would occur over a period of less than 2 years, after which they 
would be reclaimed back to long-term disturbances associated with operations 
and maintenance. VRM objectives address modifications to the landscape from 


Drill site preparation, drilling, and well completion are generally short-term ef- 
fects. Drilling would occur over a 10-year period throughout the Project Area. 
Drilling associated with individual wells would be short term, typically occurring 
24 hours per day for a |- to 3-day period for each well. Drilling would occur at 
night, so that hghting on dnill mgs would be visible from residences with a direct 
line-of-sight to well sites. During the construction period, these activities would 
detract from the v'sual quality of the landscape and could conflict with residential 
and recreg+}eaa) use’ becaiise they would be visually and audibly intrusive to 
residents and visitors. However, construction would be spread over the 10-year 
construction phase. The visual intrusion of these activities would be site specific 
and would not affect viewers outside of the viewshed of each construction site in 
the Project Area. The effects to the existing landscape from drilling are site spe- 
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cific and would occur at specific locations for no more than 3 days per drill site 
throughout the |0-vear dniling period. The total disturbance associated with con- 
struction would not all occur at the same time within the overall 10-year con- 
struction phase. Some sites would be reclaimed back to the long-term disturbance 
areas before construction at other sites. 


Drilling would be accomplished using dniling ngs, water trucks, backhoes, grad- 
ers, or dozers and weil servicing equipment. During a period of | to 3 days, these 
activities would detract from the visual quality of the landscape at each drill loca- 
tion. Once each well is completed, all disturbed areas that are not needed for pro- 
duction facilities would be restored. The mud pit would be dned and backfilled. 
These areas would be seeded as soon as practicable. 


In addition to the disturbances created by construction on the sites, traffic would 
be associated with moving equipment over public highways and local roads. 
Trucks would be used to transport dniling components, auxiliary components, 
and personnel to each well site. 


Construction would be evident to people using roads within the Project Area. 
Residents and visitors in the Proyect Area would be affected by the sight, dust, 
and noise of construction activities. In addition, the transport of equipment and 
materials to the Project Area would be evident to other travelers on local high- 
ways that would be used to access well sites. 


Long-term Disturbance 

The Proposed Action would constitute a change in the visual character of the ex- 
isting rural landscape that characterizes most of the Project Area. The addition of 
weil sites and associated access roads and power lines would result in a mixed 
rural/industnial landscape. The components with the highest potential to ad- 
versely affect the visual character of the area are the well pad clearings, pumping 
units, power lines, and access roads. Operation of the proposed facilities would 
introduce new elements of form, line, color, and texture into the landscape, and 
would essentially dominate foreground views and be obvious in middle ground 
and background views. 


Long-term effects over the life of the project would result from the addition of 
the wells to the landscape and the disturbance of land used for associated facili- 
most visible components of the proposed facilities are expected to be the clear- 
ings for well pads and access roads, wellhead facilities, CMFs, water handling 
facilites, and compressor stations within the Project Area. CBM development is 
expected to modify the visual character of the existing rural landscape in the af- 
fected sub-watersheds where previously little or no oil and gas development had 
occurred. Proposed activities would not change the rural and industrial character 
of the landscape near Gillette and along segments of highways in the Project 
Area, which currently includes considerable modification from other oil and gas 


Most existing oil and gas development occurs in the Little Powder, Upper Beite 
Fourche, and Upper Powder River sub-watersheds in the gvneral vicinity of Gil- 
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lette. The landscape in this portion of the Project Area is characterized by os! and 
gas development in 30- to |60-acre weil spacing patterns. Additonal CBM de- 
velopment in these three sub-watersheds would increase the areal extent of the 
industnal components of the rural and industnai landscape. However. the overall 
landscape character in this area would remam simular to the existing landscape. 


After well productivity is established, production facilimes would include a 
weatherproof box structure installed over the weilhead and a metal fence or rail 
that encircles the box and electrical panei! tw protect them from livestock. There 
would be no pump jacks or other facilitres at the wellheads. The facilites would 
be painted in non-reflective colors that harmonize with the surrounding land- 
scape. The weil pads would be 0.! to 0.3 acres im size. depending on the number 
of wells located on the pads. Productton facilities would be visible primarily in 
the foreground distance zone of about 0.5 mules or less from any viewing area. In 
the foreground and middieground to background distance zones (or more that 
of the surrounding environment. The weil pad clearmgs and access road distur- 
bances would be visible in all zones as a result of contrasts in color and texture 
with the surrounding vegetation. The collocamng of weils on a well pad muni- 
muzes the overall effect to the landscape by reducing the number of well pad 


The largest effects would be to residential areas and isoiated residences in the 
Upper Powder, Upper Belle Fourche, Clear Creek, Little Powder, Antelope. and 
Upper Tongue River sub-watersheds, particularly m those sub watersheds in the 
general vicinity of Gillette. Several well pads that contain one or more wells 
would be adjacent to or within foreground distance zones of up to a mile from 
residences in some subdivisions located adjacent to Gillette municipal bounda- 
nes. Visible features would consist of well production facilities, well pad clear- 
ings, and access roads. Facilities would be most visible to travelers on affected 
highways during the ime when they are within the line of sight as they travel 


Approximately 10,619 miles of two-track roads and 7.135 miles of improved 
roads would be constructed to access proposed facilities from highways and locai 
roads im the Project Area. Two-track roads would be used to access CBM wells 
im many cases because the need to travel to CBM wells is limited. Two-track 
roads represent a visible disturbance on the ground surface. however. as no sur- 
facing is required, the visible disturbance from a two-track road ts considerably 
less than ts required for umproved access roads. Improved roads would be con- 
structed for some areas in rugged terrain and for non~-CBM operations. Improved 
roads require a greater area of disturbance per mile of road and provide a greater 
degree of contrast between the road and the surrounding vegetation than do two- 
track roads. Access roads would be visible primarily im the foreground zones. 
The visual impact of each road can be lessened by aligning the road with the con- 
tours of the topography instead of cutting across the contours to the weil pad. 
particularly on slopes. However, this method of aligning the roads may result in a 
greater area of disturbance. All roads constructed for the project would be re- 
moved and reclaimed, unless specifically requested by the landowner or county. 
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The gas-gathering and waier-gathenng pipelines would be bured adjacent to ex- 
isting and new road ROWs. The combimed ROW of each road and pipeline 
would vary according to the type of pipeline installed. Installanon of the prpeline 
would avoid trees, where practicable. and brush and woody vegetation would be 
left im place and driven over so that they are potentially capable of redeveloping a 


Aboveground electne distmbution lines would connect weils and compressor sta- 
Area. Electricity would be routed to facilities along the access roads or on addi- 
tonal ROWs (30 feet wide) across open land. Construction of power lines would 
occur after access roads are developed and would coincide within the end of weil 
drilling. Power lines typically would be installed on 35-foot poles, which would 
be required every 300 feet. Approximately 5,311 miles of aboveground power 
lines would be installed in the Project Area. The pole structures would introduce 
straight. vertical lines and color contrasts. The effects from the introduction of 
these elements into the landscape can be notuceabie if they are viewed from sen- 
sitive viewpoints when structures are visible w scenic landscapes and when 
structures are skylined. 


Each compressor station would be lit at night with 250-watt, clear lights. Each 
light would be mounted on a pole or building and directed downward to illumi- 
ity. This type of night hghting would minimize the mght shine from each facility. 
However, the stations would be visible at night to residents in nearby residential 
areas, isolated residences, or travelers on highways and local roads. 


Produced water from CBM wells would be discharged by four methods: surface 
discharge at outfalls, containment in large upland evaporation reservoirs, spread 
on the land surface at LAD sites, or injected at an injection well facility site. The 
proposed water handling methods would disturb a total of 27,009 acres of surface 
land. Nearty 40 percent of the disturbance would occur from infiltration im- 
poundments (37.1 percent). Water disposal at infiltration umpoundments, con- 
tainment reservoirs, or LADs would result in modifications to the surrounding 
landscape at the disposal sites. Surface discharge in some areas may cause a red 
surface staming where water is retained at the discharge point long enough for 
oxidation of iron to occur before discharge. The umpact to the landscape would 
be lumited in areas where these conditions would occur. 


Each infiltration impoundment would consist of a shallow wumpoundment that 
would encompass an average of 6 acres, with an average dam height of |S feet. 
impoundments would be located in upland and bottomiand areas. A total of 
14,566 acres would be disturbed by infiltration impoundments, primarily in the 
Upper Powder River, Upper Cheyenne River, Crazy Woman Creek, and Upper 
Tongue River sub-watersheds. The majonty of these areas are inventoned with 
VRM Class [V. The sites would have a low profile and would not be easily visi- 
ble in the middieground and background zones from viewpoints at similar or 
lower elevations. The average | 5-foot height of the dams would be the most visi- 
ble feature of the impoundments, as the top of each dam would appear as a hort- 
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zontal, linear form that would contrast with the natural terrain. Evaporation atom- 
izers would be placed on towers that are likely not more than 40 feet in height. 
and would appear as a weak vertical contrast with the surrounding terrain. The 
spray from atomizers weuld be visible in foreground distance zones, but would 
be indistinct in middleground to background zones. Infiltration mpoundments 
would be obvious in the foreground zone as seen from nearby roads and resi- 
dences. Setting the impoundments back from roads, leaving a buffer zone of to- 


LAD sites would contain ail water discharged over the life of 40 wells, affecting 
i,780 acres of land surface (6.6 percent of total acres disturbed by water handling 
methods) in the Project Area. Each LAD site would be made up of four 16-acre 
LAD areas. The LAD sites would be located in relatively flat terrain to minimize 
off-site drainage and earth moving. The sites would have a low profile and would 
not be easily visible in the middleground and background zones from viewpoits 
at similar or lower elevations. The evaporation atomizers placed on towers would 
constitute a weak linear visual intrusion. LAD sites would be obvious in the fore- 
ground zone as seen from nearby roads and residences. Setting the LAD sites 
back from roads, leaving a buffer zone of topography and vegetation. can miti- 
gate the visual intrusion. LAD sites would be located near containment reser- 
voirs, which would provide temporary storage for those periods when the LAD 
site is not operational. In addition, the reservoirs would store water intended for 
LAD applications. The water disposed of at LAD sites is of a quality not suitable 
for surface discharge. Land application of this water would result in modifica- 
tions to the existing vegetation, providing some contrast with existing vegetation. 


The proposed containment reservoirs would affect 2,247 acres. The average dis- 
turbed area for each reservoir would be 100 acres. The disturbed area is com- 
prised of the surface area of each reservoir, the dam, and diversion ditches. Res- 
ervours would be constructed in upland areas. away from drainages, floodpiains, 
and gravelly terraces. These areas are generally outside of the viewsheds of most 
transportation routes and communities in the Project Arca. In general, the upland 
locations of reservoirs could result in additional disturbances from earth moving 
and extensive diversion ditches. LAD sites that would be located near reservoirs 
in upland areas would also require more earth moving than those located in flat- 
ter terrain, resulting in greater disturbances to the character of the landscape. 


BLM Lands 


A total of 5,600 CBM wells distributed on 3,447 well pads are proposed for BLM 
surface ownership in the Project Area, accounting for |4.2 percent of the 39,367 
new CBM wells proposed for the Project Area. The BLM has inventoried all 
lands within the Project Area with the VRM system. However, only lands admin- 
istered by the BLM are managed with VRM objectives. Although proposed CBM 
wells on state, private, and Forest Service lands are not managed for BLM’s 
VRM objectives, the inventory provides an assessment of the existing scenic 
quality and the ability of these lands to absorb effects to the landscape from de- 
velopment. 


Table 467 summanizes all proposed CBM wells in the Project Area proposed for 
Alternative | by sub-watershed and VRM Class inventory. The disturbance acres 
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Table 4—67 


Proposed Weils and Well Pads in VRM Classes by Sub-watershed in the Powder River Basin Project Area 


Class Il Class Ill Class [V Class V Total 

2 FF =e | Xa aie oe. 6 Ce : , 

Ss) a. = 4 S) a E ; v e U a. : Ss e 3 : 

bh bidih bith bith |e) bu 
S- Waterh sof G3 FF F UG ES F PG RS oF ai i 
Little Bighorn River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Tongue River 160 S4 103 352 193 441] 2,077 892 = 2,060 0 0 0 2.589 1,139 2,603 
Middle Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
North Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Powder River 785 44x 758 2.636 1,461 2,259 15,546 9,933 16,385 0 0 0 18,967 11,842 19,403 
South Fork Powder River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Salt Creek 0 0 0 0 0 0 37 37 378 0 4 0 37 37 378 
Crazy Woman Creek 0 0 0 411 397 870 2,509 ~=1,501 3,082 0 0 0 2,920 1898 3,952 
Clear Creeke « oo * 185 246 898 539 1,015 2,663 1860" 2%70°* 4 0 0 3.753 2,584 4,132 
Middle Powder River 0 0 0 0 0 0 958 465 1,072 0 0 0 958 465 1,072 
Little Powder River 0 0 0 25 18 55 1810 1077 3,754 200 170 556 2.035 1,265 4,365 
Little Missouri River 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Antelope Creek 0 0 0 91 83 746 1,553 1.368 12,673 0 0 0 1.644 1451 13,420 
Dry Fork Cheyenne Riv ci 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Upper Cheyenne River 0 0 0 0 0 0 487 487 992 46 46 139 $33 533s ABT 
Lightning Creek 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 
Upper Belle Fourche River 0 0 0 751 644 1,144 5,046 4,005 6,726 134 134 190 5.931 4,783 8,060 
Middle North Platte Casper 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Total 1,137 687 1,107 5,164 3,335 6.532 32,686 0 49,992 380 350 885 39.367 25.997 58.516 


Note: Disturbance acres for well pads include the disturbance associated with ancillary facilities such as roads, compressors, and transmission lines. Totals may not match precisely with values obtained 


by adding unit numbers or with distributions of pads and wells presented in Chapter 2 due to rounding conventions 
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nected to the pads, such as roads, pipelines, and power lines. Water handling fa- 
cilities, such as LADs and containment reservoirs, may be located on BLM lands, 
but specific locations by VRM Class are unknown. 


There are 4,515 wells distributed on 2,854 well pads and 43 compressors pro- 
posed for BLM lands managed with VRM Class IV objectives. Most of the re- 
maining wells and compressors are located on private lands, and a smal! number 
are on state and Forest System lands. Lands inventoned with VRM Class IV ac- 
count for most lands within the Project Area. Most CBM wells proposed for 
these lands are within the Upper Powder Rive: sub-watershed. Class IV objec- 
tives provide for major modification to the landscape and allow management ac- 
tivities to dominate the landscape. Construction and operation of each well and 
the ancillary facilities would be consistent with VRM Class IV objectives. Con- 
sequently, none of the disturbed acreage would be displaced from the existing 
BLM inventory of lands managed with VRM Class IV. The proposed facility 
developments would be consistent with management objectives. 


There are 766 wells distributed on 416 well pads and four compressor stations 
proposed for BLM lands managed with VRM Class III objectives. Class III lands 
in the Project Area are located pnmanly along major transportation routes and 
recreation areas. Class II] objectives are to provide for management activities that 
may contrast with the basic landscape elements but remain subordinate to the 
existing landscape character. Implementation of this alternative along highways 
and in areas that are not currently developed with CBM wells would change the 
existing rural landscape to a rural and industrial landscape primarily because the 
40- to 80-acre spacing of the wells would result m a noticeable density of indus- 
trial facilities. There is the potential that Class Ill objectives would not be met 
because the facilities would not be subordinate to the existing landscape charac- 
ter. BLM objectives for some Class Il! facilitx:s would be met if every attempt 
were made to mimimize adverse visual effects through careful locaton of factl:- 
tes, minimal disturbance of the site. and painting facilites so they harmonize 
with the colors of the surrounding landscape. 


There are 316 wells on 175 well pads and three compressor stations proposed for 
BLM lands managed with VRM Class Il objsectives. None of these wells would 
be in the Class Il lands m the western part of the Project Area. at the base of the 
Big Horn Mountain. All 316 wells would be within the Class I! areas along por- 
tions of interstate 90 and State Highway |4 


The VRM Class I] objectrve ts to retain the existing character of the landscape 
The level of change to the characternstic landscape should be low and not attract 
the attention of the casual observer. Many of the CBM wells on BLM lands 
would be visible to travelers on Interstate 90 and State Highway |4. Al! of the 
wells proposed for these areas are within the foreground distance zone (up wo 3 
mules) of the viewshed as seen from the highways. The Proposed Acnon would 
change the exrsting rural landscape to a rural and industma!l landscape pnman/y 
because the 40- to 80-acre spacing of the wells would result in a noticeable den- 
sity of industmal facies. The Class I] obyectrves would be met if mitganon 
measures were used to mamntaim the cxrstimg character of the landscape. and not 
attract the afienbon of the casual observer Mitigation measures must! repeal the 
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basic elements of form, line, color, and texture found in the natural features of 
the landscape within the foreground distance zone to achieve this objective. Suc- 
cessful mitigation in the foreground distance zone would include locating facili- 
ties to use the terrain and vegetation to screen them from the highways. If the 
mitigation measures would not enable facilities to meet Class II objectives, one 
of the following two options must be implemented to comply with BLM man- 
agement objectives: (1) the facilities would be relocated to a site outside of the 
VRM Class II area on BLM lands; or (2) the BLM RMP would be amended to 
change the affected VRM Class II areas to VRM Class III areas. 


Three CBM wells on two well pads and no compressor stations are proposed for 
BLM lands inventoried with VRM Class V. The proposed facilities on BLM 
lands would be consistent with BLM management objectives for VRM Class V 
areas, which provide for areas where the natural character has been drastically 
altered. 


The Buffalo Field Office has developed a management decision to implement the 
nf@Agement objective of maintaining or improving scenic values, visual quality. 
and establish visual resource management pnonties in conjunction with other 
resource values. Visual resources are to be managed in accordance with objec- 
tives for VRM classes that have been assigned to the planning area, which consti- 
tutes most of the Project Area. No activity or occupancy is allowed within 200 
feet of the sdze of state and federal highways. Facilities or structures such as 
power lines, oi! weils, and storage tanks are required to be screened. painted. and 
designed to biend with the surrounding landscape except where safety indicates 
otherwise. Any facilities or structures proposed in or near WSAs would be de- 
signed so as not to impair suitability as wilderness. 


BLM lands im the Fortification Creek WSA and the Fortification Creek SMA are 
inventonied with VRM Class Ill. An NSO for mineral development has been 
stipulated for the WSA. A CSU has been stipulated for the Fortification Creek 
SMA, which encompasses the WSA. to protect scenic values. Proposed facilities 
in the SMA must meet Class II] objectives to protect scenic values. There ts po- 
tential that Class II] objectives would not be met because the facilines would not 
be subordinate to the existing landscape character. BLM objectives for some 
Class III facthtes would be met if every attempt were made to minimize adverse 
visual effects through careful location of facilities, minima! disturbance of the 
site, and parting facilimes so they harmonize with the colors of the surrounding 
landscape. No facilites are proposed for the WSA because of the NSO. 


The Cantonment Reno and Weston Hills Recreation Area are inventomed with 
VRM Class IV. No project facilites are proposed for location within these two 
SMAs. Indirect effects to recreational uses of the SMAs would occur because 
landscapes outside of these areas would be modified by the addimon of project 
facies. whech would affect the recreanonal expenence of visitors to the SMAs. 
CBM wells proposed for lands adjacent to the Cantonment Reno and Weston Hil! 
Recreanon Area would be visible to viewers © the areas. BLM Class [V objec- 
trves for the SMAs and adjacent lands would be met Long-term visual effects 
would be manumuized by desigmimg permanent structures to harmonuze with the 
surrounding landscape to the extent feasible. recomtournng and revegetating drs- 
turbed areas that are no longer needed for aperahons — soon as practicable. and 
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by reshaping straight edges of clearings resulting from roads, pipelines, well 
pads, and compression facilities to create irregular or indistinct edges. Construc- 
tion debris would be removed immediately because it creates undesirable textural 
contrasts with the landscape. When they are installed on ndgelines, atomizers 
may be visible for 20 miles or more, depending on the weather conditions. In 
addition, resource protection measures proposed for erosion control, road con- 
plemented APDs and Sundry Notices are approved. These measures also would 
mitigate effects to visual quality. Visual resource protection measures would be 
implemented in cooperation with the surface owner for surface lands with split 
mineral estate. 


Forest Service (Thunder Basin National Grassland) 


There would be 369 wells distributed on 332 well pads proposed for federal lands 
administered by the Medicine Bow National Forest within the Thunder Basin 
National Grassland. Most of the federal lands on that portion of the TBNG that is 
within the Project Area are managed with the SIO of Low. A small portion of the 
TBNG within the Project Area is managed with the SIO of Moderate. The TBNG 
lands managed with Moderate SIO are along Antelope Creek or are in an area 
outside of the boundary of the coal. No wells are proposed for TBNG lands man- 
aged with the SIO of Moderate. All of the proposed 369 wells are on TBNG 
lands managed with the Low SIO. 


Scenery management guidelines for the TBNG are to manage activities to be 
consistent with the SIOs and to rehabilitate areas that do not meet the SIOs speci- 
fied for the management area. Visual management objectives for SIOs are asso- 
ciated with desired landscape character for each management area and are based 
on the intent of the management area direction. Facilities are proposed for three 
of the seven management areas within the Project Area. Facilities are not man- 
aged with goals for a desired condition for scenic values in Management Areas 
3.68 (Big Game Range) and 6.1 (Rangeland with Broad Resource Emphasis). 
The SIO for these areas is Low. Few facilities are proposed for these areas. The 
majority of wells and ancillary facilities are proposed for Management Area 8.4 
(Mineral Production and Development). The desired condition for iandscapes in 
this management area ts that facilities and landscape modifications can be visible. 
but are reasonably mitigated to blend and harmonize v tth natural features. 


State and Private Lands 


There are 2.620 wells distributed on |.660 well pads and seven compressor sta- 
tons proposed for state lands im the Project Area. Mimerai leases administered by 
the Wyoming Office of State Lands and !nvestments do not include guidance on 
the management of visual or scemic resources on state-owned lands in the Project 
Area. According to rules and regulations of the Board of Land Commussioners. 
all related desturbances must be reclaimed to leave the land in as near as practica- 
ble to the omginal condion before operations when operations are complete on 
state lands, 


Most of the proposed facilimes would be located on prvate lands. There are 
30.778 wells (78.2 percent of total proposed wells) distributed on 20.558 well 


pads (79.1 percent of proposed well pads) and 183 compressor stations (75 per- 
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cent of total number of compressor stations) proposed for private lands in the 
Project Area. The majority of effects to the landscape would occur on private 
land because most wells are located on private land and most of the land within 
the viewsheds of communities, rural residential areas, and transportation routes is 
private land. 


Counties 


The Sheridan County Growth Management Plan identifies the need for an inven- 
tory of existing resources, including scenic resources, and use of this information 
in reviewing and evaluating proposed developments. Currently, no procedure or 
ordinance exists that provides for evaluation and review. 


The Comprehensive Planning Program jointly developed by the City of Gillette 
and Campbell County recommends that landscaping should be developed into the 
buffer zones where industrial areas are located adjacent to residential areas. 
There are numerous CBM wells proposed for lands adjacent to residential areas 
in subdivisions locas®#boutsi@pof the Gillette municipal boundaries. 


Non-CBM Development 

The moderate level of conventional oil and gas development as evaluated under 
the BLM’s RFD scenario projects that 3,000 non-CBM wells will be drilled and 
completed within the Buffalo Field Office's portion of the Project Area over the 
10-year penod. Surface disturbances required for conventional wells are greater 
than are required for the new CBM wells, as described earlier in this section. 
Short-term surface disturbances for well pads and associated improved access 
roads range from 0.5 acres for shallow gas wells to 5.5 acres for a typical deep oil 
well. Long-term disturbances would encompass about 82 percent of the onginal 
disturbance. 


Non-CBM facilities consist of pump jacks, in contrast with CBM facilities, 
which consist of a wellhead contained in a metal box. The components with the 
highest potential to umpair the character of the surrounding landscape are the well 
pad clearings, the improved access roads, and the pump jacks. Operation of the 
proposed facilities would introduce new elements of form, line. color, and texture 
into the landscape, would essentially dominate foreground views; and would be 
obvious in middleground and background views. Effects would be similar to 
CBM well facilities: however, each well pad and associated access road would 
disturb a larger number of acres. 


The alignment of individual pump jacks with respect to viewing areas, such as 
residential areas, individual residences. and transportation routes, should be re- 
viewed during the pre-installation phase of well development. In general. each 
pump jack should be aligned paralle! to a road unless it has been determined that 
this alignment ts not feasible. Facilites would be the most visible to travelers on 
the road during the penod when the facility is within the line of sight as they 
travel toward the facility. Aligning pump jacks parallel to roads would present 
travelers with a smaller surface area as the traveler approaches the facility. In 
addition, pump jacks with the lowest possible profile should be used when feas:- 
bie. 
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Alternative 2 

Altemative 2 differs from Alternative | in the distribution of produced water 
among the methods for handling produced water and the compression of gas. Al- 
ternative 2A emphasizes use of infiltration impoundments to dispose of produced 
water, while Alternative 2B emphasizes use of passive and active treatments. The 
number and distmbution of CBM and non-CBM conventional wells is the same as 
were evaluated for Alternative 1. The impacts to the characteristic landscape 
from the development of CBM wells and the ancillary facilities other than facili- 
tres for handling produced water are identical to Alternative |. 


Alternative 2A or Alternative 2B would result in the disturbance of more surface 
acres (36,264 acres under Alternative 2A and 32,653 acres under Alternative 2B) 
than Alternatives | or 3. For both Alternatives 2A and 2B, the largest distur- 
bances would occur from infiltration yvnpoundments (23,799 acres under Alterna- 
tive 2A and 16,694 acres under Alternative 2B). The operation of infiltration im- 
poundments under Alternative 2A would affect 138 percent more surface land 
that impoundments proposed for Alternative |. Alternative 2B would affect 67 
percent more surface land that Alternative |. The impact to the visual quality of 
the landscape is substantially larger from Alternatives 2A or 2B than for the pro- 
posed Alternative |. The impoundments would be located outside of transporta- 
tion corndor and residential area viewsheds and would primarily affect lands in- 
ventoried with VRM Class IV. 


LAD sites would affect 4.337 acres of land in the Project Area under Alternative 
2A, an increase of 144 percent over the LAD sites proposed for the Proposed Ac- 
tion. The containment reservoirs would affect 3,365 acres under Alternative 2A 
or 1,069 acres under Alternative 2B. Alternative 2A would be a decrease of 7.9 
percent from the Proposed Action, primanly within VRM Class IV areas. Alter- 
native 2B would be a decrease of 35 percent from the Proposed Action. The in- 
crease in LAD sites over the Proposed Action would result in larger areas of 
modified vegetation as described for the >roposed Action. Under Alternative 2B, 
LAD sites would affect 4.570 acres, an increase of 157 percent over Alternative 
1. The number of acres disturbed by containment reservoirs would not be sub- 
stantially different from the Proposed Action and would result in a simular level 
of visual impact. The effects of injection wells and surface discharge to the land- 
scape would be minor. The acreages that would be affected from these water- 
handimg methods proposed for Alternative 2A or Alternative 2B are considera- 
oly greater than the total 27,009 acres that would be affected under the Proposed 
Action. 


Alternative 3 


Under the No Action alternative, there would be no CBM development on fed- 
eral leases within the Project Area. Federal leases are located on private as well 
as federal lands. Development would continue on state and private leases. A total 
of 15,504 CBM wells would be developed on state and fee leases. The No Action 
alternative includes all of the effects to visual resources described for Alternative 
1, but differs from Alternative | in the number of wells to be developed, the acres 
ot land to be disturbed temporarmly or removed from existing uses during the life 
of the project, and the volume of water to be produced from CBM wells. The ef- 
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fects to the characteristic landscape from the No Action alternative would con- 
siderably less than are described for the Proposed Action because 15,504 CBM 
wells proposed for state and fee mineral leases is 39 percent of the total 39,367 
new CBM wells under the Proposed Action. Table 4-68 summarizes the long- 
term disturbance by VRM Class for each sub-watershed. Although proposed 
CBM wells on state and fee lands are not managed for BLM’s VRM objectives, 
the inventory provides an assessment of the existing scenic quality and the ability 
of these lands to absorb effects to the landscape from development. 


Because fewer wells are proposed for the Project Area, a considerably smaller 
number of facilities also would be proposed for the distnbution of produced wa- 
ter under the No Action alternative. LAD sites would affect 808 acres of land in 
the Project Area, a decrease of 55 percent from the LAD sites proposed for the 
Alternative |. The containment reservoirs would affect 1,690 acres, a decrease of 
67 percent from Alternative |. The effects of injection wells and surface dis- 
charge to the landscape would be minor. A total of 11,683 acres would be af- 
fected from all water-handling methods proposed for this alternative, which ts 
about 37 percent less then the total 27,009 acres that would be affected under the 
Alternative 1. 


Cumulative Effects 


The cumulative well development scenario is represented by the 39.367 CBM 
wells under the Proposed Action and 12,077 CBM wells already drilled or per- 
mitted within the Project Area. The non-CBM cumulative scenario includes 
2,546 existing wells and 3,200 new wells. Tables 4-69, 4-70, and 4-7! summa- 
nze the long-term disturbance by VRM Class for cumulative CBM, compressors, 
and non-CBM wells in each sub-watershed. 


The cumulative effect on the landscape would consist of existing, permitted, and 
proposed CBM development on federal, state. and pnvate lands in the Project 
Area, and existing, proposed, and reasonably foreseeable coal mining in the Pro- 
ject Area. The cumulative effect of all existing and proposed development would 
result m a larger number of disturbed acres from well pads and access roads that 
may be visible from transportation routes and recreation areas. Ongoing CBM 
development on federal, state. and private lands would increase the industnal 
character of those areas that include considerable modification from other oil and 
gas development and from coa! mining, and change the visual character of the 
predominantly rural landscape in much of the Proyect Area to rural industrial. 


A principal visual effect in the eastern part of the Project Area and near the city 
of Sheridan is the visibility of coal mine pits and facility areas. However, anyone 
likely to see these facilities would either be passing through the area or visiting 
on related business. After mining ends, the reclaimed slopes might appear some 
what smoother than pre-mining slopes and there would be fewer gullies than at 
present. Even so, the landscape of the reclaamed mines would look very much 
like undisturbed landscape in the area. Except from the air, energy development, 
including CBM, are rot visible from more than a few miles away. 
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Table 4-68 Alternative 3 Wells and Well Pads in VRM Classes by Sub-W atershed in the Powder River Basin Project Arca 
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Table +69 CBM Cumulative and Weil Pads in VRM Classes by Sub-Watershed im the Powder River Basin Project Area 


Class Il Class Ill Class [V Class V Total 
> = 2 = Ss Ss ~ «= -F 2 a 
‘fee ££ € F 2 eee + £ ft ee 
a se 28 @ so 28 a Ze 2Ee es fF Ze i 7S PE 
#22 eS “2 =-<2 #2 2 #2 ss #2 a 
23h cs st at cs <8 gi e3 s2 gf 62 se at fg 
PEPE HEHE HAEH DEE 7 
x = = 
Sub waterbed £2 223 '§ 22 23 § 22 23 93 Fe 23 55 FS 23 § 
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Upper Tongue River 439 = 190 33 0 488i (itéi‘SCi‘ CO 80 0 0 0 3408 1536 3321 
Middle Fork Powder River 0 0 0 0 C 0 0 0 0 0 9 i) 0 Q 0 
North Fork Powder River Uv 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 
Upper Powder River 400 S81 919 2.825 1623 2453 7,984 tis82 18737 0 0 0 77S) = 6496 S72, 108 
South Fork Powder River 0 0 0 0 0 ) 0 9 0 0 0 0 0 0 0 
Salt Creek 0 0 0 0 0 0 vs 7s 78 0 0 0 cs cai 378 
Crazy Woman Creek 0 ) 0 $37 443 952 2.533 1.518 x1 0 Q 0 3,070 1.961 4.063 
Clear Creek 04 192 2S? LPS 677 12 so | Sto 2.995 i) ) 0 4.142 2815 4467 
Vhddle Powder River 0 0 0 0 0 0 1.685 903 1.766 i) 0 0 1,685 903 1,766 
Luthe Powder River 0 0 0 Ms 3] 95 3.374 2175 7.123 437 sou 1136 ee 2566 868353 
Little Massoum Rover 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1) 
Antelope Creek 0 0 0 92 ww TSS | 803 i6ie 1490! 0 0 0 ) 385 1.700 15,657 
Dry Fork Cheyenne River v 0 0 i) 1) 0 0 ] 0 i) 0 0 0 0 0 
Upper Cheyenne River 0 0 0 0 0 0 87) 86 | 1438 63 62 138 9M 923 —s«ALS6 
Lightmang Creek ) v y) ) 0 0 0 0 0 0 9 0 0 0 0 
Upper Belle Fourche River Q 0 0 1259 Lis |S) S16 7.745 8 =6—1 2.083 171 170 24) 10.590 9.048 (4,145 
Middle North Platte ( asper 0 0 0 0 0 0 6 6 4 0 0 0 ) 6 4 
Total 1529 : $ 
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Table 4-70 Nea-CBM Cumulative and Well Pads in \ RM Classes by Sub-W atershed in the Powder River Basin 
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term merease m the demand for recreational opportunites. Peak employment 
would require up to 2.660 additional workers over the existing 2.943 workers. 
The majornty of the workforce dumng peak employment would reside im the 
counties m the propect area. [it 1s anticipated that a smail percentage of the peak 
workforce would come from outside the region it ss unknown, however. how 
many of these addimonal workers would be in-migrants. as discussed im the sec- 
ben an Saoeeconemec impacts. 


The recreahen and towrmsm mndustry m counties in the Proyect Arca comsssts a va- 
mety of Dusenesses that are part of the Service sector, mcluding wholesale and 
retanl trade. tramsportamen. and other serveces in addimon. tounsm depends on 
other factors such 2s the health of the namonal cconomy. comsumer confidence. 
the prce of airfare. and gasoline prmoes. Currently. the detailed information 
needed to wolste ad amalyze recreson and toursm docs not cus! for coumbes 
@ commumetes w the Propect Arca Subsectors of the Services coonomax sector 
wchude ledgeng places and asuusement and recreation services. These subsectors 
are mmdacators of emu @ recrestvon and tounsm although they include dollars 
spent by cesadents of “he Commmes as well as Dy tours Earnings m the Amusc- 
ment and Recreate) Serveces sector hawe fluctuated wm the decade between | 990 
and DOD. however. the overall wend has romamed steady. wath carmings the 
vear RD skegtth ercoic thet 1990 cormengs Earmimgs @ the lodging. armuse- 
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Figure +45 Hotels and other Lodging Services: Earnings by County. 1990-2000 
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Figure +46 Amusement and Recreation Services: Earnings by Count. 1990-2060 
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Figure 447 Gas Production in Campbell, Converse, Johnson, and Sheridan Counties, 1990-2000 
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the |G-vear pemad a reguted © accom wel Recreanonmt would cncountct 
road comsiruchon over the entre wear at wpecifx jacanom with the Propect 
Arca The loss of sodmmude and the natural cxupenence would affect jocal users io 
the partcuiar area of Construcbon 


Pypehne mstalianon aiong Custing road nghts-of-way 6 ltkely to moonvemence 
rocteahonessts who use the roads to gam access to recreation in the arca ( omstru - 
non would also hut recreanonal use of cxrsting roads and trans. as well as de- 
grade the visual quailty of the recreatonal cxpenence The loss of solitude along 
these roads would continuc through the construction penod Road access 1s likely 
to be restored to cxrsting uses within a few days to a few months after construc - 
ten or mstaltanon has been Compicted The recreabona! opportunites for local 
resadents in close proxiumsty to the proposed act. ites would be alterod during the 
comstruchon penod 


Project construchon would result im mcreased norse levels from heavy equipment 
m surrounding areas ( onstructhon-reiated nose could reduce the quality of the 
recreahonal expenence m general However construchon-related mecresses 
would be short term and. with the exception of blasting. generally would be re- 
stncted to the immediate vicmity of the work Norse from blasting would be spe- 
radxc and of shor’ duramon There are potential long-term incyeases in nore lev - 


els from the operanon of the compressors. 


The general season ames for big game hunting (ail! types of beg game in ai! units) 
occur from late Septemb~ and carly October through late November The hunt- 
mg season would be affecied by construction for the | 0-year construction penod. 
but only at specific locatoas where construction is scheduled 


Long-term effects to developed and dispersed recreational uses of the Proyect 
Area would occur as the displacement of acreage from existing uses by proposed 
CBM facilities. The primary effects would be an alteration of the recreational 
expenence for residents and visitors to the Project Area. Recreation displaced by 
project facilites 1s likely to add use on adjacent federal and state lands. 


Dispersed Recreation 

hunting, is not a primary use of most federal. state. or private lands that are 
within the coal boundary of the Project Area There is expected to be little 
change im existing levels of dispersed recreational activities on federal and state 
lands m most of the sub-watersheds within the Project Area as a result of CBM 
development under the Proposed Action. Existing levels of recreation are ex- 
pected to continue on these lands. Most of the proposed activity would occur in 
watersheds. 


Hunting 1s the principal recreanonal activity on federal. state. and private lands in 
the Project Area. The acreage remuved from wildlife habitat by project facilines 
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Area. A total of | 2.866 acuwe hunters or ncarty 47 percent of the total estumated 
27.49! actve hunters in the Proyect Area could be a“fected by remosai of wridhefc 
hadutai and imtruswen of proyect-reiated nome. dust. amd \ sual cflects from thc 
proposed (BM devciopment in addshen wo positive cffect retated o imcreascd 
access and the potenhai msc in game and fish populations 


Table +-72 Big Game Hunting ip the Powder River Basin Project trea. 


The developmen of roads and well faciimes would result in greater physecal ac- 
cess to the Project Area and potennaily increase hunting pressures on wridltc 
However. a maporty of this access would not be available to the public because 
muct of the surface within the Proyect Arca is pv ately owned. 


Several streams and lakes in the Proyect Area are used tor vear-round fishing 
would be developed with proposed CBM tacilimes F ffects to fish and them hab 
tats are evaluated m the sechon on Wildirfe 
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The operator cevc waned Mey sued eork «ah amdoencr © Be Mom Ue 
© cmc Ge ane of he good quai: Secharged eases es orm Ac Te pO 
moe fe mpm of fe Merged = wet em uM Or lam ek 
SewChogNmEmt Gowen Ge posemine: game of Seecharged © mic exmn ato 3 th ote 
Drogect © some auf euarrwined: « 5 ccamomefite © Comchadk het cohmmoed -oge 
apot aed cxreased seasiefelt) of eaner prof sous asc nem Cmca ws 
cffects un fet amt evidiete aed thew Reteten ad mss cohen COCs OO 
Portumehes © ee cmemedaste ocemY Of am rewrvoes crested = Ma 8 souk oo 
‘uc uRb) eater production cca, War Samdhng “amc fou 
areaccet © wD esterwhed «uh ow eater papi oF prota cd «oO 6 OOO oO 
qwecnmalls adver cffects on wurtmc «stey amd ‘heh Aster 


Produced water trom ( BM ecih euuid oc deucharged % fou meet wort’ 
duecharg o cwitaih ScoMtemenen © ange aptend Caporsbor COKE orca 
om the tend arface @ LAD ate. of pected & mm apechon ectl fffecns © oo 
respon trom fe prapoeed 62° mecchon acih sous Wo wmeta 6 BM oro 
ven well cme Afow 27 LAD ate thet occupy | TS acre would mul 
large rem of modified ~egetapon Deveiogpmen of | AD ote: owt Mave am ad 
verse effect on eridiete and Jomequenti, Swrnng opportune of fc alho tec 
uD watervned: Necaus the Taxhfeed ocgetahon may afte! oe gual of fc 
widhfe habets There arc 4) contamment revervors Cup «9 8) acres 
fropesed tr umeand areas Theres 5 potenhal that nfiitrsbor amd _ontuenmecn 
TeservosTs wounk! feco™ ce amemal (Taga ( omsiracbor rogueweTRcTts for ‘Rew vr 
tures showid mx wade gentic epee. evegetapon and cafh cuts of coc Contr 
/ mefigate the pect w eridhic ( miammen! oecn ow. sould orca oppor 
ares tor wome svidbite -rctated tooreapomal opportunites pro drPy urea. fOr 
veewmg eidht: huntng eaterfow! of putin ‘isfung Ube cocrestnonal cxpern. 
ence aiso would ~w affected the «suai ompact of the propowcd « ater Nandhng 
taceltes 


Devetoped Recreation Areas and Recreation Sites 


No (BM facime are proposed for devetoped rocreatonai areas oF ecTeaboma: 
wtes om the Prope Arca Most of the deveioped recresponai arcs dtentified in 
Chapter } are located m the western part of the Proyect Arca outsede the Doundary 
of the coal beds Special management arcas that arc on fodera! lands admenestered! 
by the BLM are dwcumeed im the sechon cvaiusnng cffects © BLM managemen: 
of federal lands im ‘ne Propect Arca 


BLM Recreation Management 


Specific resources afues are assigned under “SO) minganon gusdetimes to ccr 
tasn federai lands adimenestered bv the BLM mm the Proyect Arca that inciude Uc. 
veloped recreates! sites of recresponal actrvibes [ands managed with \Si) 
mctude Recreanor Arcas. such as campgrounds. hrstomc trans ond asbonal 
monuments. and sp cia! management arcas. wach as arcas suitable for ©. msedera- 
non for wid and sc. asc vers desugnanhon 


The BLM admits federal lands m the Middle Fork Recreamon Arca the Red 
Wall Hote-m-the-© ail arca. Outlaw _ave Recreation Sae (or (Cultural Area). 
Duil Karte Battieficid site. and the Gardner Mountain and North Fork Wiidemess 
Study Areas. There would be no cffects 'o recreanonal uses of these special man- 
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eo OR CeCe are Srogmowed Sw en ata eottee Be Roce Looe 
cect effect) = ‘Cresteme au sound wow © winamp sted 6 Dk cm 
cua Ne tundetot oo fer atom of prom! Sacre wed eomad affect Me 
Catarme OpeTOmCE of couture feo tem BM ect ac progemed for ad 
a®ecem « formfxamer (rot BSA and Boor ffl Recreemer teco a 
ound Teco nate we acme © Be acm 


Recreshon 6 soft 2 agmfkcam ea of mow prvusr amd © te Prop Arce 4 
wie mmo uf porate acca s mOceNed Sor ‘esate Mons Gr chamnd 
"cabon of prvatc Gas © Teme mpe taceitars 2 Prose! Arca comet 6 oY 
‘acres gt Droge Sor or. sic ad Gate ads teed 6 mim we 
sete Recresmomel taceietees thet are cated om ‘hew ands chads the ( am Phen 
and the ( am-Pics Park The ( am Pies Gols cccupy aot | OD acre @t he 
cast wér of Cellet: and mchade s emer 2 Comwenben and cubstet hall wo lange 
Tanit-purpoe peo nieo growmds R\ Campgrounds 1 Jor mc TRA 2 
Di-acre pm. and 2 geome ace Dewelogeeee: of CBM faoimes would oot be 
Lommpaenmc ath putin asc of thew ‘acta 


ORiner ooreaPonai tachi ccated aca (he mumcpe! Soundenc and seat or 
powed factte: mchade the Dalby Vemernal Park. ‘fe ( ountry ( bud Golf ( cure 
and the Beil Kaot Gott ( curse Thew tactiimes would expemence adaroct cffech 
trom the progect Decawsec the recresPomal cupenmence wowkd Oc affected ihc 
went and some of ( BM Lomtrecnon and opersnon ‘“o other ‘ccrestemal wtcs 
on prvate lands ot erthen mumcmel Soundanes eouk! Oc affected % woeec! 
aches, 


Devctaped rocreahonai opportunites on date ands miudc gg game Qunting © 
the Ameden (reck Wonter Game Acfuge and the Bud Lowe Wokdiefe Habe 


Management Arca Both arcas are managed eith “SO icaung “epuiabom and 
would sot De affected Dy proyect actrvrhes. 


ARercwre > differs trom Altemmanve on the dastrdunon of produced water 
amon, the methods tor handling produced «ater and the Compression of gas The 
nwmiers and dastmbunon of (BM and non-CBM wells are the same as were 
evatuated for the Proposed Acnon The cffects w the devctoped and dispersed 
recreational uses from the devciopment of ( BM wells and the anciilar taciimes 
other than tor handling produced water are ennai to "he Proposed Acbon 
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pod Actae OS pee amg atoms oe emg echt Samtemg eater 
= fetmg “here souks Wo) age tom or eer mmm 6 OO Catan me 
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( ed@er Ge No \cnce sterner: Gore ecuid 8c co BM Sevctogment @ ico. 
rat eae eter Oe Proesct Acca fogere! canes we ux ated © oO ai om 8c) 
@» dere aah OO ckpeEER cous emer 8 Mei eR! OW i Co 
oom xk ce a PURO aoe CoderTal amd 6 ca) Womemed “ae 
amg wwe weil “Ncre eomid te 6 OS BM ects Qrvckoped © sic amd rr ic 
canes Seteces NHL and Y) 0 Te Wo Actor aitormam<: ax hades ofl of fe ct 
‘oh © COTCROne GE tame ad Be OUrceboma Clipe’ Gow he Jor 
ee Promemed Amon Set Sffers rom ir Progmed Ates o8 Ro mm ect 
© Oe devetoped ee ares of and © & Seturhed emperaniy a creed Tom 
cRrMamg am dunmg fe ihe of he roe and Mee tu Of sac GO 
@eced from ( BM ech he cflect © ecrcemen ae cUpectod © % lomaderaty 
‘cw ep ecre decried for he Propened Acar Seca » mall summer of ‘2 
iets eoutd Xe arvetoped aad a mal! semi of ae oom WO Tom 
cxestemg aers Tatées | 19 Gvough | 1) aac Ge Goole proposed for 
A@ernene<c (| and he Mort a ong-tcrm dgurter c fOr cat wah «stem ied 


Leder Aterastee ). here woukd be |} L AD wtes @ the Propect Arca 1 docrcew 
of S2 pevoomt from Ge LAD wtes proposed for the Proposed Acnon [he pro 
jeecd 68 Comtame roservcer eoubd Ses Gocrcase of S2 percent ‘Tom ihe Pro 
peed Acton The fewer AD wes soukd cst 9 wnailer gem of mobfied 
| ogetaer chan ecre dew nied tor ihe Proposed Acpon There sould Ye 2 cwer 
effect on evidiife than ander the Propesed Acnen "he wmailer suenber o: con- 
Wanner! rescrvows @ould wduce he opportunities (or some eridhte-cctatod 
~aponal opportune ciate to ihe opportumhes ‘Rat souks “cwsil ‘Tom ‘fic 
Proposed Achon Dy proving areas ‘or vecwing “tidinic unbng eatertow! 
patric: fisheng There sould Se a iewer potential ‘or adverse cffects © ‘ecrea 
oom opportumnes im ite Propect Area from Alternative > than would occur ‘Tom 


the Proposed ACbon 


The cumuianve effect of the devetopment of ‘vads and «ci! facies would % 
unproved veiecuiar access to the wea However a mayorty of (hrs access would 
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be cutee acreage skcty wo affected long-term % produchon ‘aciiihes 
umaer te Propmed non approamancty +! OS acres) 5 208 Skely Ww have 5 
witasanc cffect om Saniemy 200 ‘Mung opportuarbes Rourcatnmal SuNtNg abd 
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cau opportuni 2 ee Gmediak Cine Mf ay COcTVONn Treated sound 
™- compere af sould ae eh > eg 6 sateT producbor .omtmucs |. 
omag® the propect sot cupected wo affect he level of -mutabon uf growth m te 
ME “Teshama «lor oa Sooo: accuM@ommed © ‘CCrcatumal cipen 
omoes seas pomis ot floweng eater ower Me fe of He propect \ ator: would 
“sc © MUCD amtcapatod ‘oducts 9 qittace eatcr afer Quang ff «ater 
Th 


\ sttekatrs< cttects trom fe guressod Suman proms een ated 2 ff (Re um 
anne cmeTgy devetogmen a hc PRB we akety we Comer screened levels of legal 
aad thegat Sunteng (cece?) he memes on he wee wc Mom, Thugs for 
~~ Ga weman fume uRtIRg cao Wome Tet ed untrng 


~wocumdany cifect ‘ciated © oeeTyg, Grclapment 2 circatemal amd mcs Wave 
aad sowkd Jomlaee © Ceu ‘Tom fe growth a Ox Sumas woqutatan he 
Rad ( stderr ‘COTcabomal AT mck om tadeng Surting a eng ic 0 
Teed properbonatet: fHowevct a te wie ume few Seman we mca 
mg eidhic Yates and populate we Keung (CMTK tod % om vcancd wattmc 
urtarm 


Oemand ‘or Sunting CIN Tay merce © (he poem! hal) owcr waco! P 
drew Booth comes sum wou wuRtINg end [isfeng Tey WOO ow on 


ovattc @ 4 cou Of ee more ted acco! aad overcrowding. peacfeng may 
mrcase he acre © pwopke aad reff we apd may contmur (0 ‘Cull 9 


footy of songame @ooes ai oad wih apd moreesed off-road act bes 
nave aod sould Jomtmuc to coll on Sturman’ Of oridhte tunng wemwtrnc en 
rEg  copradacnee pooods «Uravci mamagemeni Jurng Junlng <awn 9 
tadang <asonai ued closures © fe Subix Com Inger Junie. ‘hrowghoul 
the areca "eece Qunbiag proeure 8 popuset wc ead Tm iitaic 2 Tore Sm atic 
cupenemce for Qunters 


‘Tos 208 appcepated tat ihe Proposed Achon and propesed (5M dev ctopenent of 
- © and orate ands sould cell © aay acreasc © popuiahun Jecause ‘fic 
propesed eorkiorce wowkd comes De Yevod locally However fe ovcrail popuis- 
gen of Propect Arca cownbes may mcrease a 4 resudl of fugure Womd mane Jes ci 
upmnent aad cipamwen of cimemg mares ( BA fetid may Jonmmuc © De deve! 
oped «sithen the Proper! Arca and may Jomtrtute © omgo ag popuiahon growth 
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EPA has cstabinsted 2 lieve! of 55 GBA as 4 gudeime for acceptable cnviron- 
mental nowe (EPA (974) To substammate thus nome level as acceptable near 4 
compressor stahon, (the Federal Energy Reguiatory C omy arssion (FERC) has os- 
tabisshed the same 55 GBA icvei as the crternon for the maximum nore that -an 
be allowed from 42 new compressor stahon af sensitive receptors (residences. 
oy wcenmfic Comensus. was developed withoul Concern for cconomec and tech- 
nologecal ‘casinhty and contained a margin of safety 10 cmsure ts protective 
vaiwe of the pubic Meaith and weifare Furthermore. thes nome level > directed af 
sensutive receptors where people would De cxpused to am avcTage DONe levee! Over 
a @ecrfic pemod in thes context. pubic Seaith and weifare includes personal 
comfort and weil Deung and the afvence of ental amgussh. disturbances. and an- 
aovence as weil as the aOeence of Cimecal symptoms such os Searing joss oF Uc- 
monsizabte piwuotogscal injury Therefore. a 5* dBA sone icvei ould not & 
mscoesrued as 4 cguiatory ule. eguianen. ow goal Rather | should De recoE- 
mzed as 3 level Delos witech here ss 90 reason (© wespect thal the puddin Deaith 
and wetfaze of the gencrai popuianen would be af sk from amy of the cffects of 
ome denn fied 


A sone level of 55S GBA can be compared with 2 common Quman cipenence 4 
nose jeve! of 0) GBA is generated Gurmy sormai Jonversahon Networn two peo 
ple © cet apart. Therefore. sormai comwcrsueon would mask ‘he none lieve! of “4 
4BA trom 2 CBM compressor a 2 sufficrent distance from the Compresser Ma- 
oe 


‘o ows of reguiahons on acccptaDic Some wmts Wave Deen Stahintied on Wo 
mung Therefore. aching ay quantitate: come guadetimes wore eveis ove ++ 
SBA sew CBM facrimes of 2 reudence. «fool medical factiity. or a special rex - 
om area oe comudercd 4 weme ompact Swace he Mate of Wvommmg Yas wt 
tadteted ews of oguianons on sore. ite Si Cannot cnforec any wre Man- 
dards om private of “aie ands Vingabon measures (Oo oul Qwientlai WOR mM 
fects ‘fom compresser “anows comsructed on Si i and nay %& cmptowed | 
wemificant wore uc arc denned 


As described on = Chapter 5 of the EIS. ite anncopated none cvei 9 rural cas 
3 approumatety ©) (BA junng ‘fhe dav aad © IBA funny the mgt The 
aorse icvets assume ‘hat ‘Nese ural arcas we iant ‘Tom ‘Tramsportapon -orndors. 
\agitways and culroads) and popuiased areas and thet ‘he sind weed 5 ver 
tow However fc wind weed witien the PRB proyect aca s generaily gh 4 
reveew of ihe ciumatotegy ‘Tom the ( asper Aimer woes ‘hal fe sid peed 
exceeds § mates per 2our (mph) ©) percemt of the ume Detween ihe Bours of ~ 
am. w 10608 p.m. and 67 percent cf ume Tom |\0) am w "Mam Nowe s 
oot usually measured when the wind cice ts 4 mph Because ‘fe ome Drow” 
ov te wind s generaily the dommant wurce [herefore (fe suimated cussing 
sowe levels ge comservative and are most key So 0) SBA lgher Gung sor- 


nal stady comfnons in & vormny 


Construction Noise impacts 
Nowe impacts gurnag che comsimanen phase wor id be temporary at amy locanon 
and would resujt from vemcies and the operat.on of comstrucven cquipment. 
Based on an average nore level of #5 dBA mersured at 50 feet from a typical 
CBM construcnon site, the expected nose leveis at would be 85 dBA at 50 feet. 
65 dBA at 100 feet, 59 dBA at 500 feet, 55 dBA at | 500 feet. and 53 dBA a 
2.000 feet [rom the equipment. 


Levels of constuction sewe would fall below 55 dBA at approxmately 
| S00 feet from comsirucnen. Amy residences wittin | 500 feet of construcnon 
would expenence temporary nore ieveis above 55 dBA dumng daylight hours. 
“aghtime oowse ieveis would remain af cxusting levels because construction 
would not occur at night, Nose [rom cach construction site would De reianvely 
sfert term. and the individual sites would be sufficiently widespread so that cie- 
vated nore levels from cach site would not overiap im ume or space with other 
velees, 


Nowe dunng the Uniling pase would aiso De ciev ated adove pre-cxstng leveis. 
Typrcaily. the sowse from a dmiling ng ss 74 GBA at 200 feet from the mg (USGS 
(981). Nowe cmenatng from dniling ngs would decrease © 60 dBA a | 000 
feet. wo 57 dBA af | 500 fect. and w 34 dB? 4 2.000 feet. Any resadences within 
| 308 feet of a dediimg mg would cxpemence some above 55 GBA for the | w 4 


days anhcrpated to dni! the nanurad gas weils. 


Operational Noise impacts 


The Mghes! Uperanonai ome would Occur sound Compressor Maboms _ oder ui! 
aitemmatives, (WO [Vpes of COMpresser engines would De .nstailed mai! Doosicr 
compressor cngiaes uted at $50 horsepower would De operuied 10 gather caturai 
g@s ‘rom ecils t© ‘he arge compreser asnems. \ maximum of wx booster 
Ompreser cngimes Coudd De operated af amy jocaton (I (he ager compressor 
Manors. ange rculprocating cmgynes ated af 0S) lumepowcr sould Xe nstailed 
‘o (Rhilitate Tamstewon Of Iaturai gp oO lgf-pressure Tamswmission oipetines 
Tvpscadly (nree of wx of ie larger cngaes would Ox avalicd af amy ocanon 


‘Nowe fas Seen measured af Cwpecal compressor unets (USGS (YS!) 4 sone lieve! 
ot ~* 2BA trom one ange compresser cngmme can Oc expected a “4) feet Tom 2 
LoMmpres~ Wwiding wace afl Comproser would De nai on cmc josed Qwiid- 
wags Decaux of Ge harsh Wvommng winter weather “Nome Trem the umailer 
Qwusier Compressor chyines would De waghtly lower of approumescts * IBA 
™) feet 


The effect of mudtupie sowse sources 5 oot anthmencaily addiitrwe. Sul cater s 4 
oganttma akimon The wead effect of mudepre coflovated worse wowsces 5 Char 


mtenzed Ov (fie ‘ovlowmy cetanonsmp (Harms 99) - 
L-~*Logae’""- "+ _ a 


where LL). Ll. .. Le ae Ge source wound levels of vediwedual wilocaed 
wD 
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L 1s the overail noise levei. 
LOG ts the common loganthm base | (). 


Therefore. the preceding equation is used to caicuiate the overall notse of six 
large compressor engines operating simultaneously with a source noise of 
77 dBA from each engine. The resultant overall source noise would be 84.3 dBA 
at 30 feet from the enciosure building. The overail nore from a compressor sta- 
uen with three engines would be $1.3 dBA at 50 feet. For the smailer booster 
engines, the overall noise wouid be 80.8 dBA at 50 feet for six engines. and 77 8 
aBA at 50 feet for three engines. 


To calculate the nose impact at a distance from the compressor station. the nose 
levels were mathemancaily propagated using ‘he Inverse Square Law of ‘wise 
Propaganon (Harrs |99!). Bnefly. this formuianon states that noise decreases Dv 
approximately 6 dBA with every doubiing of the distance ‘rom the source. Ths 
methodology is am accurate assessment of no:se propagation and |s represented 
as 


L, =L, - log (RyR,) 

were. 

L. = nose level at a selected distance R. trom the source 
L. = nore level measured at a distance R. from the source. 


The preceding equation was appired for (he source norse for configurations of six 
engmes af 2 Compresser stanon for Deth types of compressors. [abie + 73 shows 
the nose leve! of the largest propesed PRB compressor samen af sefected dis- 
tances ffom the compressor sanor. [he ‘adie aiso Compares the Compresser 
nose to the realise cxisting rural nore levels. comsidermg the effects of the 
W vormng wind. 


The a®so@ute norse icve! [rom the ‘arges’ reciprocatemg Compressor wanen would 
de Detow 55 GBA. there |s no reason [© suspect that (he pudin neaith and weitare 
of the general popuiamen would De wf sk from amy of ‘he dennfied effects of 
nowe af that leve! Devond o@) feet from the largest propesed PRB compressor 
samen. EPA reported (EPA (974) that changes im hearmg levels of less than * 
4B are gereraiiy not considered nunceadic or agmficant. A> long os (hese largest 
boosier Compressor stafons would De comsiructed wf (casi Od) feet (rom cusi- 
(ng resadences. 2© sagmeficant owe umpacts would occur However owe Tom 
these Deester compressor engines would De nomced =e. other words. would De 
auhbte = at distamees within > SOO feet of the Compressor “ation durmng the 
Javome and at 4. UG0 feet ‘rom (he Compresor anon Jumng (Pe mghttime hours. 


Nowe impacts [rom (he argest Dousier Compressur tamoms 41. Dooster compres 
vor cagmmes) are sfown on [adie + “4 | cneraily seme [rom Dooster Compressor 
engines would De afoul 4) CBA ower than ‘or ‘fe larger Compressor engines. 


The a®sodute come (cve! Tom ‘fe afgesi Juuner Compressor samen would De 


below 5S GBA. there is 20 remvor w suspect that he puduc Deaith and welfare of 
the generai pupuiamon sould De Hf oTSK ‘Tom am 4i (he level of the dennfied 
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effects of nose veyond | 000 feet from the largest proposed PRB booster com- 
pressor station. As long as these largest bouster compressor stations would Se 
constructed at ieast 1.000 feet from existing residences, no significant ao:se im- ’ 
pacts would occur. However, noise from these booster compressor <ngines would 


7 
oe. 


be nouced — in other words, would be audibie — at distances within ! 300 trom 
a 
(feet) at distance (dBA) _ Background (4S dBA) Background (35 dBA) 
200 72.8 27:8 37.8 
400 60.7 2.7 . 7 
on) 63.) 19.2 26.2 
OH ow. 18.7 25.7 
000 58.8 (38 23.8 
|.200 $7.2 12.2 22 
|_400 $5.9 109 20.9 
| 500 35.3 10.3 0.3 
\_.eo $4.7 a? 197 
200 S37 a7 18.7 
2.000 32.8 7s 78 
Lam sl» 9 169 
2.400 32.2 2 16.2 
2.000 3.5 $5 1S.5 
L300 8 48 48 
ae a2 42 14.2 
we a7 19 i29 
+000 6.7 b? is 
4.508 48.7 a.” 10.7 
<0 44.8 ess a8 
~~ 44.0 es 40 
>.008 43.2 ee #2 
oS 25 os 75 
~ ae 2° oe 9 
7s 4 eo 63 
8.08 0.7 Os %7 
a) wy? os $2 
+008 a os 4? 
ae wr ry 42 
0008 Se) ess 3 
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if temporary generators wouid be used in the PRB. the data suppiied by ( apstone 
Turbine Corporation indicate that "he source nowe trom these umts wouid be ap- 
proxumateiy 65 dBA at $3 feet from the generator. The nvise ai varous distances 
from the units, shown on [abie 4-75. wouid be below the significance levei of 
55 dBA beyond | 00 feet from tiese umits. 


Table +74 Predicted Neise Leveis frum the Largest Progesed PRB 
Booster ( ompressor Statica (Six 350 Horsepower Beester 


Compressor Engines) 
EE 2 a 
Distance Norse from 6 large Engines: Naion ale Dap B..-' "Cos e-ahave Nghe Ral 
(feet) at distance (dBA) Bockyrmund (45 GB. —— tackoground (35 dBA) 
200 08.8 ae 33.8 
400) 7 t7.7 27.7 
BL 2 14.2 42 
Bb 56.7 pt? 21.7 
| 000 8 as 198 
| 200 S32 a2 1.2 
| 400 51.9 6.9 16.9 
|. 500 $1.3 6.3 16.3 
| of 30.7 5.7 KS.7 
800 49.7 4.7 14.7 
2.000 48.8 us 13.8 
2208 47.9 29 i2.9 
2.400 47.2 22 2 
2.600 46,5 LS LS 
2.300 45.8 Os 10.38 
3.000 45.2 0.2 10.2 
3,500 4.9 less 99 
4.000 43.7 less %.7 
4508 42.7 less 7.7 
5.000 41.8 less 6.8 
we 41.0 (ess 6.4 
6.000 40.2 ‘ess $.2 
5500 35 less 45 
7060 9 ‘ess 39 
7s 3 ‘ess 33 
§.0008 37.7 ess 27 
500 37.2 ess z2 
9.000 %.7 ess 1.7 
9S %.2 less L2 
10.000 33.8 ‘ess O38 
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~~ gp ike Some of the dipeet sound pach Cow om 
dtuchon) trem the wurce © Se ecupwr and (be wud zee over fe Jere 
(FaWA '978). 


\ nose baemer car actneve af leas aS UBA come eve! codeteor «fen ¢ > ail 
cnougs) to just Dreak ‘he one of ght Demween Me cose source and Re woepler 
An approumate | > dBA reduchen can generaily be actnewed woth cach + 5 jeer 
of Derght after :t breaks the line of «ght. The Sanmer sitewial De placed on fe 
Yack toward the ovise sown: (0 avon! unvesirabdie effets of wund XT DRE 
arourd the end of the barmer If the bammcr w aor leeated akong the nliy 
boundary te avord the phenerrenon of und Sending around the atgr of he Dur 
rer, im general the barner should extend tour “mes as far on cach divectron & fe 
distance from the recerver to Ute bammer Therefore. the Sarmer sheuid owend 
|.200 feet m cach directer for a total Sarmer length of 2.40W feet w propery 
mitigate the nese ftom 2 CBM source to @ receptor SOO feet away. A Oammor 
aleng the CBM property boundary wouid therefore De approxmmately 400 feet 
leng. Therefore. a barmer on the property boundary would be much more cost 
effective and just as functonal as 4 distant Darner to mngate nese. 


in the case of a wail or earthen berm constructed on (he property lime toward ‘he 
direction of an cxisung residence 2.00 feet (rom 4 propused Compresser tanor 
wit) Six engines. the uamiigated ree would be approumatety 54 GBA, 4 Darely 
acceptable environmental nese level. \ barmer ‘het would just oreak the |ine of 
agit between the compressor siaton and the residence would result in 4 none 
level of 49 dBA at the residence. A barrer that extends 6 feet above the |ine of 
sight would :esult in a nore level of 46 dBA. 


Vegetation is believed by many peuple to be an effective noise barner. However. 
studies (Beil 1982) have indicated that a dense stand of trees with a depth of 
more than 300 feet would be needed to effectively mingate nose. Conversely. 
these studies have indicated that a dense stand of trees with a depth of SO feet 
would afford no noise mingation. Therefore. pianting vegetation between a CBM 
noise source and 4 receptor is net recommended as effectrve mitganon because 
of the cost and the ure required to grow dense stands of trees. 


Finaily, compressor stanons would have to be constructed further from grouse 
leks to ensure notse from the stations would be less than 49 dBA. 


BEST COPY AVAILABLE +335 Veo Mares 


Alternative 1 


Effects to the socioeconomic structure of Campbell, Converse, Johnson, and 
Sheridan Counties, including population, housing, and employment, that would 
result from drilling and constructing ancillary facilities, such as roads and pipe- 
lines, are expected to occur over a 10-year period under the Proposed Action. 
The socioeconomic eff-cts resulting from CBM production are expected to occur 
over the proposed life to the project, about 20 years. The number of CBM wells 
is provided in Table 4-76 and the number of non-CBM wells are provided in 
Table 4-77. Figure 4—48 illustrates the locations of CBM and non-CBM wells by 
mineral jurisdiction. 


Table 4-76 CBM Wells Proposed by Mineral Ownership 


Number of Wells Number of Wells Number of Weils 


County Drilied on Federal _Drilledon State _ Drilled on Fee Total 
Campbell 13,443 963 6.894 21,300 
Converse 114 20 42 176 
Johnson 7,743 720 2,317 10.780 
Shendan 2,563 841 3,707 7111 
Total 23,863 2.544 12,960 39,367 


Table 4-77 Non-CBM Wells Proposed by Mineral Ownership 


Number of Wells | Number of Wells Number of Wells 


County Drilled on Federal _Drilledon State _ Drilled on Fee Total 
Campbell 1,578 177 922 2.677 
Converse 126 9 65 200 
Johnson 175 17 6! 253 
Sheridan 19 7 44 70 
Total 1,898 210 1,092 3,200 
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Figure 4-48 Alternative | — Wells by Mineral Jurisdiction 


Most of the production is expected to occur in Campbell and Johanson Counties. 
For this reason, Campbell County and Johnson County are likely to be affected 
by fiscal and social effects. Sheridan County also would experience extensive 
effects, and the extent of effects in all three counties would be greater than in 
Converse County. Most of the new wells (63 percent) and facilities would be 
constructed in the two sub-watersheds: the Upper Powder River sub-watershed. 
which is within approximately one-third of Campbell County and two-thirds of 
Johnson County; and the Upper Belle Fourche sub-watershed, which is within 
Campbell County. Other sub-watersheds where relatively high numbers of wells 
and facilities would be located include: the north portion of Clear Creek and Up- 
per Tongue River, which are within Sheridan County; Crazy Woman and the 
south portion of Clear Creek, which are within Johnson County; and Little Pow- 
der, which falls in Campbell County. Most of the employees are likely to primar- 
ily reside in Gillette and Wnght, but employees also would live in Shendan. Buf- 


Socioeconomic effects that would result from CBM development are a concern 
because considerable energy-related development has occurred in and around the 
affected counties during the past 30 years. Wyoming’s economy has been struc- 
ber, and manufacturing. Many communities in Wyoming depend on the mmeral 
industry for much of their economic well being. The 1999 assessed valuation on 
all minerals produced in Campbell, Converse, Johnson, and Shendan Counties 
accounted for 36.9 percent of the State of Wyoming's total assessed valuation 
(WDR 2000). In the same year, assessed valuation on minerals produced in the 
State accounted for 32 percent of the state's valuation (Powder River CBM In- 
formation Council 2001). 
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Several forecasts have been developed for future supply and demand for natural 
gas in the PRB. The State of Wyoming's Consensus Revenue Estimating Group 
(CREG) develops mineral price and production forecasts for major minc.al 
commodities twice each year to estimate the state's anticipated revenues. Ac- 
cording to the CREG, natural gas price projections have been increased signifi- 
cantly over the short term. The estimated price was increased from $2.85 per 
thousand cubic feet (mcf) to $3.50 per mef for calendar year 2000, and from 
$2.50 per mcf to $4.50 per mef for calendar year 2001. Calendar year 2002 esti- 
mates were anticipated to increase from $2.25 per mcf to $3.00 per mcf. The 
long-term price estimate was held at $2.25 per mcf over the rest of the forecast 
period (2006). Between 200! and 2002. gas prices dropped at the wellhead from 
$3.94 to $1.98 per mcf (ELA 2002a). 


Natural gas production estimates were anticipated to increase slightly by 50 mil- 
lion mef per year over the forecast period for the State of Wyoming. Estimates 
for production of coal bed methane were revised from 135 milhon mef to 145 
million mcf for 2000 production, from 190 million mcf to |75 million mcf for 
201. and from 250 million mcf to 225 million mcf for 2002 (Wyoming Division 
of Economic Analysis 200! ). 


CBM production under the Proposed Action would be generated by the | 2.024 
wells approved or constructed before 2002 and she 39.697 CBM wells drilled 
from 2002 through 2011. The revenue generated from the existing wells has al- 
ready begun ard are addressed in the analysis of cumulative effects. The assessed 


This analysis used projections for gas production for 2002 to 2020. These prnces 
range from $1.98 per mcf (2002) to $3.26 per mcf (2020) , ELA 2002a). Assur- 
ing each CBM well produces 400 million mcf (DeBruim et al. 2001), each weil 
would generate an estimated $792,000 to $1.3 million (constant 200! dollars) 
total sales value. Using the projected gas prices, Alternative | is expected to con- 
tribute an estimated sales value discounted at 10 percent of nearly $21.8 billion 
(constant 200! dollars) over the life of the project to the local. state, regional. and 
national economies. 


Non-CBM (conventional o#l and gas) under the Proposed Action would be gen- 
erated by 3.200 conventional wells drilled by the end of 2011. The analysis as- 
sumed the conventional wells produce 80 percent ot] and 20 percent natural gas 
(Crockett 2001). In addition, for this analysis. a price of $21.22 to $23.19 per 
barrel of equivalent (BOE) over the life of the project was assumed (EIA 2002b). 
The assumed production rate of conventional wells. which average | 37.500 BOE 
(Crocket 2001), for the 15-year productive life (BLM 2001b) was also used for 
well would generate an estimated $2.9 to $3.3 million (constant 2001 dollars) net 
present sales value. The total net present sales value of conventional wells would 
be approximately $1.5 billion (assum: g a 50 percent success rate), of which $12 
bilhon would be from ol production. and $0.3 billhon would be from natural gas 
over the life of the project. 


Overall, assuming a 100 percent success rate. CBM well development would 
contribute net present sales value d:scounted at |() percent at nearly $21.8 bilhon 
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(constant 200! dollars) over the lufe of the proyect to the state, reguonal. and na- 
toenail economies and assuming 50 percent success rate. non-CBM would con- 
wibute net present sales value discounted at |@ percent of nearly $15 bellson. The 
total sales value resulting from these success rates would be $32.7 billion im sales 
CBM wells, which would contmbute to an even higher sales valuc and thus :n- 
crease the tax revenue within the Proyect Area. 


Population 

Ol and gas operations play an important direct and indirect role im the local 
im additional personal income and improved and or additonal community reeds. 
such as schools. utlines. and transportanon systems. 


The project ts expected to result in significant short-term effects to local popula- 
tions. Assuming the population directly corresponds to workers associated with 
the proyect. the population in the region would peak im 2007 and then gradually 
decrease. it 1s assumed that most existing full-ume workers would be recruited 
contractors would be avazlable in the region (Keanim: 200!a). To the extent that 
additonal non-local contractors or permanent employees are needed. they may 
relocate to the area for a limited penod (2 to 5 years) during the major construc- 
tion phase of the proyect (Keanm: 2001D). Subsiannai CBM expioration and de- 
velopment are currently ongomg in the counties. Up to 2.660 workers would be 
required during peak employment, im addition to the existing 2.943 workers m 
the region. Assuming each worker brings one person to the region. the populanon 
would increase by 5.320 im the peak year (2007), which would result im a 7 per- 
cent incremental increase in population between 2000 and 2007 from the proyect. 
After 2007. the population associated with the project would be expected to 
gradually decrease. During the short term. this increase m populanon wil! be no- 
tuceable in some commu ntties and could result in hardships to the local govern- 
ments, if adequate planning **s or does nut occ’ |owever, im the long term, the 
project will not have significant long-term effects to local populations. 


Direct and indirect Employment 

Impiementation of the Proposed Action would have a substantal effect if it re- 
sulted in a negative change in local economic conditions or wages. resulted in a 
short- or long-term reduction in employment, or created the potential for a 
boom bust employment cycle. Development of the project would be completed in 
approximately 10 years from mitiatiion. The overall production lifetime of the 
wells is expected to be im the range of 7 years. This estimate includes the 12,024 
CBM wells already permitted in the Project Area, in addition to the 39.367 CBM 
wells and 5.200 non-CBM wells proposed. Both direct project employment (for 
example, positions with one of the companies or contractors hired for construc- 
tion, production, and decommissioning) and indirect or secondary employment 
(jobs that become available in support industnes as a result of project activities. 
such as parts and materials production and equipment refueling) would arse as a 
result of the project. 
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Direct Emp. oyment 

impiementat on of the proyect would create some adgrtonal empiov ment oppor- 
tummies m the Campbell. Converse. Johnson. and Shendan ( ountes. sowever. if 
iS anmcypated that most of the jobs would be hired from the local labor force 
(Keanu: 200la). For the cxismmg employment. the following is assumed: (|!) 
willing workers will be available for employment from the current residents of 
the region to meet the CBM employment requirements. (2) workers will come 
trom the existing ot! and gas industry and already have the necessary educahon. 
skulls, and tramung w fill the job pusimons involving the expioranon. develop- 
ment. construction, operation. and reclamanon of CBM and nen-CBM deveiop- 
ment. and (3) a lumsted number of unsuccessful m-migrating jod seckers would 
not have an appreciable impact on the region s infrastructure. However. in add- 
non to ts base workforce. who already resides and works in the region. an in- 
cremental increase in workers will be necessary between 2003 and 20!!. Up wo 
2,660 addimonal workers will be required for the proyect in the peak year (2007). 
These additional workers will esther come from outside the regson. or they cur- 
rently lrve mm the region. and will obtain the necessary education. skills and train- 
ing to fill the job posimon for the proyect. 


Currently, most of the existing local labor force lives m Wyoming (Kean 
200ia). Assuming that employees work in the same counties mn which they live 
and assuming future employment would be sumular two 200/ fourth quarter em- 
ployment. it is estimated that up to 85 percent of these employees would live 
Campbell County, 6 percent would live in Comverse, 5 percent would live in 
Johnson County and 4 percent would live in Shendan County. 


As shown im Table 3-92. it is estimated that CBM workers occupied 2.943 CBM 
related jobs within the four-county region as of 2001. Dumng the peak employ- 
ment period (2007) up to 2,660 employees would be required to staff the Pro- 
posed Acton, which is an employee incremental increase of 90 percent. 


tonal facilites required. Non-CBM estimates are based on wells and roads pro- 
jected, however, it is asscmed that adequate workers required for non-CBM 
compressor, pipeline, and unhty times construction .re accounted for in the CBM 
facility estumation. 


An increase in populanon between 200! and 2002 likely occurred: however, the 
merease 1s mot accommodated m this analysis because of the ever-changing 
demographic situation. As discussed in Chapter 3. the communities within the 
Project Area have been affected by the existing CBM development. some more 
than others. These effects will continue and may even be magnified. especially in 
communities such as Gillette. durmg years of peak activity. Population related 
umpacts are only forecasts, based on lmmuted o: and gas reiated information. and 
are not a certainty. 


Direct employment by each development phase is shown im Figure 4-49. Text 
following Figure 4-49 further explams direct employment for Alternative |. 


In hight of the long-term nature of the project. coupled with fluctuation im natural 
gas economics and the compamies mvolved im the leases. developimg exact pro- 
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yectons of employment is difficult, Therefore. the toilowing paragraphs provide 
4 reasonable estimate of what cmpiovment cffects cam likely be expected with 


Proyect impiementanon. 


Construction and installation 

The pmmary influx of employment opportunites associated with the project is 
expected to occur im the first 10 years of the project. dumng the development 
plenon and construcnon of associated ancillary facilimes (for example. access 
roads. pipelanes, power lines, and compressor stamons). As shown in Tabies 2 16 
and 2 20 it ts anherpated that these achvines would require 506 workers dumng 
replacement wells for those depleted plugged and abandoned. or for isolated filed 
development. Non-CBM development would require "6 workers per vear for the 
infe of the comuuction phase of the proyect. 


3,000 


2.500 


. a 


Figure 4-49 Alternative 1 — Direct Employment from CBM Wells 


Employment opportumities are expected to be the greatest over the first 10 years 
(the construction phase) and then constant over the remamung life of the project. 
Employees and contractors would be hired or reassigned because, for the most 
part, they already work in the area to construct and mauntain roads and well pads. 
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comsiruct uniity encbes. and instail underground gas pipeiines. water pipelines. 
and unity ines. Local contractor jobs would include gravel and water cack dny- 
ers, heavy cquipment operators, and pipeline workers, made up prmaniy of 


The proposed use vi non-iocal construction workers for specialized construction 
(pipeline comstrucnon) would include about the same oumber of workers that 
have been used in recent years. Depending on the comsimuction ume frame. they 
would result in 46 to 9” addimonai workers. Because of the extent of the proyect. 
these temporary workers could be employed in the region for 5 w |0 years. it 
would de likely that most of these employees would rent or pussibiy Duy homes 
within in the Project Area. Im the event that these workers have families. they 
would likely relocate the tamules based on the extent of ume that they would be 
working in the region. Assuming a mixture of single employees and employees 
with famules. it is estumated that on average. cach new specialized construction 
employee would bring one additonal person to the regson. Even if ail of these 
specialized jobs (97 at peak construction in 2007) were filled by new an in m- 
grating population, the total construction related population (approximately | 94 
persons) would be smal! compared with the total regional pupulations ( 79385 in 
graphic area. no impact on demographics would be anticipated non-local special- 
ized construction workers from this alternative. in the event that these workers 
wouid reside in the Proyect Area for about 6 months each year (May through No- 
vember) dumng the construction season, it is assumed that the majomty of these 
workers would reside in motels while they are working in the area and would not 
bring tamies with them. Many of these contractors would leave the Proyect Area 
once the construcnion and development phase of the project is finished. Given the 
number of short-term specialized workers and family members. the local moteis 
and temporary housing facilites will support the influx of temporary residents. 


would likely Se filled by workers currently underemployed in service or trade 
sector jobs. Some jobs that require a higher or different level of expertise may be 
filled by non-local workers. 


Once the CBM weils have been installed. some level of sustained permanent em- 
ployment (as described in Tables 2—|6 and 2-20) would be related to mainte- 
nance and operation of the fields over a 20-year penod. Additionally. gradual 
reclamation of the inactive wells, and associated access roads would be an on 
going effort im the later years of the proyect. Fewer workers would be required to 
perform these functions. Approxmmately 2.| 16 CBM workers and approximately 
42 non-CBM workers would be required for the operation and maimtenance 
phase during peak years. The majomty of these workers would be pumpers. [m- 
plementation of remote monitoring is anticipate’ to decrease the number of 
The tinal stage of the project hfe cycie involves the reciamanon and abandon- 


ment of facilities, which may also create 139 jobs for CBM and 23 jobs for non- 
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be dismanticd and removed of aDandoned m place and surface areas ape re- 
<tasmed. 


As a result of the Propesed Achon, af 2 mnmmum ss assumed that 2.060 cm- 
piovers would be required for the peak of activities for the project. It is assumed. 
that Decause of the revolving nature of CBM employment. almost 3.000 of these 
emplovees already live in the area and would be avaslabie for work (Keamm 
2001a). 


indirect Empioyment 

in additen to the CBM and nen-CBM reiated jobs to the loca. cconomy. Gunng 
the life of the proyect purchases and expenditures made Dy project employees 
within and outside of the affected counties. which would in tum extend the length 
of ure of .econdary jobs for the life of the proyect. Assuming 2 muinplher of 2 4 
(BLM |999¢), 7.063 secondary jobs have been created as a result of the custng 
CBM development. Of these jobs, approximately SO percent or 3.514 jobs have 
been created in the affected counnes (BLM 2000). These jobs currently conmimb- 
ute persona! income to the local economy and will continue to do so as a result of 
isang and proyect-reiated secondary ;ods. dunng peak activity. up to 6384 addi- 
ueonal secondary jobs would be created, of which 3.192 would be created locally. 
However, Decause mosi of these jobs have been filled by empiovees living in the 
area. if is anticipated that few secondary jobs would be created. Dut may sustain 
ployment will likely be filled by residents of the region who are currently unem- 
ployed or by workers who move to the region. Since the vast majonty of service 
and retail wade activity occurs in the Gillette. Wnght. Buffalo. and Siendan 
communities, it is assumed that mosi of these }obs would be created wm these or 
nearby communities in Proyect Arca. The other 50 percent or 3.192 addimonal 
non-local secondary jobs will also be sustained as a result of the Proposed Ac- 
uon. Non-local secondary employment will likely result in spending within the 
Proyect Area and outside the region as a result of wave! expenses. Non-locail 
workers with speciaiized skilis will bkely relocate to the Project Area fer the 2 to 
5 vear construchor nme frame. These workers will likely spend personal income 


Wages 


The proyect also would contmbute wo the local economy by generamng carnings 
that would be spent on items such as housing, food. goods. and services. in addi- 
non, economic benefits would occur as 4 result of the Compamies spending on 
purchases of equipment and supplies from local area vendors. 


The wages and salames paid to long-term project emplovees would cont ute an 
esnmated net present value of apnua/ personal ‘ncome to the local ecomomy dis- 
counted at 10 percent of $570 mihes (in constant. 200! dollars), usimg an aver- 
age annual income of $40,000 (Powder River CBM informanen Counc: 2001). 
The average anauai come would primamiy be commbuted to the affected coun- 
ues. The annual net salanes for Alternamve | are shown im Figure 4-50. The sec- 
ond smail peak is caused by an crease in reciamanon. 
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Figere +50 Alternative | — Total Annual Salaries from (BM Weils 


As the infe expectancy of the proyect nears compietion. additional costs and ex- 
penditures would occur as weils are plugged and decommissioned. Proyections of 
es. costs are unavailable af this ume. Both expansion of cxusting Dusimesses 
and creanon of mew Dusiness can be anneipaied as a result of the increase in lon- 
gevity of cxusamg ods. However. after the development phase of the proyect is 
completed. a reduction in employment in the service and trade sectors can be an- 
ucrpeted. Some addimonai carmng from indirect employment aiso cam De ex- 
pected. and these carmmgs would be spent in. and contmbute two. the local ccon- 
omy. Once the development phase of the proyect is completed. indirect carmings 
from secondary employment would eventuaily be reduced. 


Local Economy and Potential for Boom/Bust Cycie 


impiementamon of the project would create both primary and secondary 2m- 
pioyment opportumtes, comtmbute two the local economy. and provide a subdstan- 
vai source of revenues for local agencies through the coilecton of rovaity taxes. 
lf current esumates and pians are realized by each of the Compamies invoived in 
the proyect. it is assumed employment oppertumines would occur prmaniy in the 
first 10 years of the proyect. Revenues may extend for as long as 20 w 30 years 
when project activites and gas producbon would siow or cease and so would the 
associated economic benefits. Some concer was expressed durmg scopimg re- 
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s moderate By aduing «cils © ap area that may aipeady Dc ude! w sight 
Qwormm bust cycle. We proyect woudd lkefy cued Me vocally “rong cconumy 
eager ‘har pressousiy anocipeted. Wine (is proper! would mcrease Re umpur- 
lamce Of ese sectors i ihe local cconemy. wfen compared with fe owvcrail 
coonemy these actvimes represent a reiamveiy wail share of Me ccunemy Pro- 
ject achivies age expected to Degun and cnd in 2 gradual fasten. and 2 mayor iay- 
off of rovaity reducboe » set anmecrputed. Histencaily. he cconemmes of CouRnES 
wrth om the Propect Arca Rave Owen suyec! © he Tuctuaners ssocjated with re- 
wurcte cUrachon and are pro®eabdiv (css scmsutve (© ip pfenomeneun Man are 
other areas. [n adidimen. here we 2 sumer of offer UngoNy ccORUMC act Ihies 
and concerted efforts bv local autheormes w diversify Me local ccunemy These 
factors ail lead ‘© he conclusson that while he conchuswon of proyect actevities 
would create 2 gap in cmpioyment and ie ccomuMmY. Mf 5 Dot cNpECted at is 
gap would cquate w (fe overall collapse »f he regwom of 4 wigmificant \ocaized 
depression cycle. Although tere s a msk for the ot! amd gas indisey an peten- 
ual for some msk to the local ccomommes. there would be mummmail msk w the 
overail ecomomy of the Proyect Area. 


Housing 


To the extent that empfowment created Dy the project results in a Concentrated 
demand or shortage for housing, crther shert- or long-term, the effect of the Pro- 
pused Acnor would de considered sagmificant. Effects would De measured on 
doth a local and regronai levei. [f tramssent housing. for cxampie. man camps of 
mote! rooms. would De required for short-term accommodations for cvpstructon 
or other laDorers that are currentiy not avatiabdie. the effect is deemed sigmificant. 


Viner changes in empiovment or popudanon are anticipated as a direct result of 
wapiementanon of the Proposed Acton. The increase im population would be 
gradua/ and smai! | ~ percent at peak activity) relative to the total pypuiamen. Be- 
cause Most empiovees are expected to be dured lucaily. the demand for addnonal 
temporary or permanent housing within the near the Proyect Area likely may de 
met with the eusamg Rousing supply. depending on the vacancy rates dumnmg the 
penod of operamnens. The mayomty of available and proposed housing units in the 
Proyect Area are located in the commumnites of Gillette. Wnght. Shendan. and 
Buffalo, and it 1s anucrpated that the majyomty of employees would live in Camp- 
bell County. 


However, dummg vears of _favimes (2003 to 2011), the local communtiies 
have the potenmai to laci - wate housing Several housing developments are 
bemg considered in the Project Area that could increase the supply of avaslabie 
housing. Assuming these housing developments are approved in 4 omely manner, 
the number of new residents associated with the Proposed Acton would not ad- 
versely affect the local housing market. However, if these housing developments 
are not constructed by 2004, the workers for the project will exceed the supply of 
housing in portions of the Proyect Area. If these housing developments are not 
constructed at ail, the housing and rental vacancy rates would continue to narrow. 
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ami the Propused Proyoct would aggravate Mix RousiNg stuatlen iM ;wuMeE DeErnuRs 
of te Proyect Area. Sased ur the custmg Nousimg and vacamey mates «op Shendan. 
Jotrson and Campoei! Countes. ese counmes would De affected the most as 4 
cesudt of addthonai cimptovers needing Nousing. 


Community Facilities and Services 


Roads, Wate anc Wastewetar Systems, and Soitd Waste Ossposai 
Access W purtoms of fe Proyect Area from sate and federal nghways would 
reguare the use of certaam county roads. Project activimes Could resuil in increased 
craffic and use of roads. inciuding addinenai wear and tear from heavy vemicies. 
The wereased use of County roads May crease Mauntemance Custs [0 COUNTY spe- 
cai Gsemets. Both paved and nen-paved roads may be affected. The project 5 
effects vp roads age described in the Tramspertanen section of Chapter + starnnay 
om page +298. 


Water would be required for construction and operation of the proyect. Total wa- 
tr requirements would equal 0.965 acre-feet vear The Companies would pur- 
chase water locaily from 4 vamety of sources. resuing in minor shifts in water 
comsumpton from existing uses (0 this proyect. 


Because only a smail and gradual pupuiaun increase and suDsequent housing 
demand ts expected with proyect mpiementamon, a significant effect on provision 
of domesac water service (in terms of supply and comveyance systems) is not 
expected. in addimen. newner the proyect itseif nur subsequent development re- 
suing from proyect employment (if amy) is expected to have amy effect on local 
wastewater faciimes. Certain wastes would be disposed of on site or recycled and 
other waste products would be dispesed of at the local landfill. [t is net ante: 
pated that addimen of this waste stream would substantially affect the local |and- 
Hilis or thew capacities. 


Public Schools, Law Enforcement, Fire Protection, and Medicai 
Fectites 

Public schoois in the cegionm are not anticipated to experence sigmficant in- 
creases in student enroilment as a result of the project. Based on the limited 
proyect, public schoois are not anticipated to expenence potential effects of sub- 
stantial growth resulting from the project. [f current piams change. resulting in a 
significant number of proyect workers who are recruited from outside the local 
area who bring school-aged children with them, eusang overcrowded conditions 
may de exacerbated. 


Law enforcement, fire protection, and medical services are not expected to ex- 
pertence substantial effects as a result of proyect implementation because the 
long-term growth in population is expected to be consistent with typical growth 
may be required during years of peak activity. 
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The proyect would be considered to have a sigmficant effect om pubic finance if 
the fisca/ -ondinens of local governments were affected im such 4 way ‘fat reve- 
aues would aot adequately provide puDinc factiimes amd services at estadiished 
leveis. 


‘mpiementanon of the Propesed Action would resuit in some level of Doth cos 
and benefits for the counmes in the Project Area. Regarding financial costs, the 
Drumary proyect-reiated impact is related wo the use of county roads. Revenues 
used Dv these counties are generated through federal mimerai lease rovalhes, state 
Davments in eu of taxes. and interest cammed on unanticrpated funds. Addimonai 
proyect-reiated custs to the counties may amse trom admunrsirative services. Ex- 
ampies of these custs inciude mapping, namung, and sigming of new roads devei- 
oped in the Project Area for emergency access, as weil as other staff and admin- 
istrative costs. 


The anaiysis is Dased on the net present value of discounted cash tiow for reve- 
nue. rovaihes, state, and local taxes. For the purpeuse of ths analvsis, the discount 
rate assumed is |(0 percent. This analysis does not reflect deducnens from reve- 
nues such as taxes, royalties, 'ramspertamon costs, nor does it assess the revenue 
generated from other Project rejated infrastructure. These revenue sources dis- 
cussed are some of the mayor revenue streams but are not ail encompassing of ail 
revenue streams to the governments as a result of the proyect. A summary of the 
revenues, rovaihes, state. and local taxes generated from CBM and non-CBM 
wells in Alternative | are shown in Figure +-5i and Figure 4-52. The text fol- 
lowing the grapis serves as an expiananen for the public finance revenues. 
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Figure 4-St Alternative | — Net Present Value of Taxes and Royalties 
from CBM Wells 
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Miscera! Royaites 

The Minera: Management Service. U.S. Department of the Intener, collects mmn- 
eral lease royalties, for gas produced by weils compieted oa federal lands. Fed- 
-rai royalties would be paid for cach weil producing from federally owned o1i 
atal ga» caneral estatc. After admimistrative costs are deducted, haif of the royai- 
ues would be retained bv the iederai government and used for the General Fund 
and vamous other funds. The remaining half would be distmbuted to the State of 
Wyomung and used for schoois, roads, and other public works. For this analysis. 
rovalties are esumated as percentage of the total proyect yield for each weil mui- 
upbed by the market pmee for the product. 


Figure +S2 Alternative | — Net Present V aiue of Taxes and Rovaities 
from Noa-C BM Wells 


it is estuumated that about 39.367 CBM weiis and 3.200 conventional wells would 
be completed on federal, state and fee (private) mimeraio :" the Proyect Area 
through the end of the esumated project life. Substantial revenues would be gen- 
erated through these mineral rovaity payments. For this analysis, ail federal reve- 
nues are assumed to be a result of mineral royalties. it is assumed that revenue 
trom leases and lease bonuses are not a part of thts analysis. 


Federai Royaities 

For this analysis, federal royaines as a result of CBM activity have been esu- 
mated using 12.5 percent of the estmated sales value for each well. Of the 
39,367 CBM weils, up to 23,860 are expected to be CBM wells with federal 
minerals. The project is expected to generate estimated federal royalties of $1.6 
billion (in constant 200! dollars) trom CBM weils over the life of the project. 
Ore-haif of this total would be distributed to the federal government, and the re- 
maiming half would go the State of Wy 2ming based on equivaient royalty rate. 


Of the 3.200 conventional oi and gas wells, up to | 388 are expected to be fed- 
eral wells. Assuming 50 percent success, the project is expected to generate fed- 
eral royalties of an esumated $105 million (in constant 2001 dollars) from con- 
ventional weils over the life of the project. Half of this total would be distributed 
to the federal government and the remaining half would go the State of Wyo- 
ming. 
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Overail, the Proposed Acnon wouid resuit in approximately $1.7 billion in fed- 
eral royalties. 


State Royaities 

howsver, for this analysis, data on state minerals were calculated using siaiz sus~ 
face with non-federal minerals based on the lack of available data on state m~ 
eral ownership for the entire Proyect Area. Using this assumption, there are 2.347 
CBM weils on state minerals. For this analysis, State of Wyoming royalties have 
been estimated using 16.67 percent of the estimated sales volume for each weil. 
The project is expected to generate $234 million (in constant 200! dollars) im 
state royalties over the life of the project. State royalties are deposited in the 


Using the assumptions above for state minerals, there are 214 conventional wells 
on state minerals. For this analysis, State of Wyoming royalties have been esu- 
mated using 16.67 percent of the esnmated sales volume for each weil. Assuming. 
a 50 percent success rate, the project is expected to generate $17.7 million (im 
constant 200! doilars) in state royaines from non-CBM over the life of the pro- 
ject. State royalties are deposited in the permanent fund and used for schools. and 


Overall, the Proposed Action would result in approximately $252 million in state 
royalties, 


Fee Royaities as a result of CBM and Conventional Weil Development 
Fee royalties would be paid in royalty owners of each well producing from the 
privately owned mineral estate. The amounts paid as fee royalties are not avasl- 
able to BLM. State and county governments do not receive royalties generated 
from the private mineral lands, but coiject severance and ad valorem taxes, and 
sales and uses taxes. 


Sales and Use Tax Revenues 

The Proposed Action would contribute to revenues of the State of Wyoming and 
its counties through sales and use taxes from the purchase and use of tangsbie 
goods. The Stare of Wvoming collects a 4 percent sales and use tax for each weil, 
and the counties each collect | percent per well, for a total and use tax of S per- 
cent (BLM |999¢). State taxes are retained by the state and are partially disturbed 
to county and municipal governments. County sales and use taxes are distrusted 
primarily to the counties that impose the tax. 


Sales and use taxes for oil and gas operations are applied to the following catego- 
res. of tangible goods and services that are purcitased or used dunng the CBM 
development: (|) comng or sampling; (2) weil logging; (3) formation testing; (4) 
plugging and abandonment: (5) production casing: and (6) weil completion. Gen- 
erally. those services directly related to diniling are not taxable. Well mainte- 
nance 2nd repair services are taxable. Purchases of separate lines, tanks, and 
other wits used in the collecting, processing, or transporting oi and gas are tax- 
able. 
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The taxable value per CBM well is estimated to be $36,000. This figure was cal- 
culated by applying an estimated factor of 60 percent (taxable goods and ser- 
vices) to a total drilling and completion CBM well cost of $60,000 (Western 
2001). There would be 39,367 CBM wells, resulting in $71.8 million in taxable 
drilling costs. For this analysis, non-CBM wells would be assumed to have simi- 
lar sales and tax revenue per well, which would contribute an addition $5.6 mil- 
lion in taxable drilling costs. All of these expenditures are subject to sales reve- 
nue and tax, totaling $77.4 million paid to the state and the counties over the pe- 
riod that taxable goods and services are purchased (life of the project). 


Additional sales tax revenues also would be generated from the cost of the other 
water handling facilities. The sales tax over the life of the project from water 
handling is shown in Table 4~—78. Because sales taxes are based on tangible 
goods and the design of the water handling methods remain on a conceptual 
level, tangible goods were based on estimates and assumptions. These costs are 
incomplete and are presented only to be used as a comparative analysis. The total 
sales tax revenue generated from water handling of this alternative is estimated to 
be $47 million for the life of the project. Capital costs of containment reservoirs 
vary depending on design and the materials utilized to construct the structures. 
Clay liners would be most economical and would be used when possible. If clay 
is not within a 20-mile round trip of the proposed location, a plastic geo-liner 
would prove more economical. 


Overall, CBM and non-CBM activity in the Proposed Action would result in ap- 
proximately $124 million in sales tax returned to the state and counties, over the 
life of the project. 


Table 4-78 Water Handling Sale Tax Revenue 


Sales tax generated from 
water handling facility 
Type of water handing facility (millions) 
Surface discharge — Untreated $23.2 
Surface discharge — Active Treatment 0.0 
Surface discharge —- Passive Treatment 1.3 
Infiltration $15.2 
Containment’ $2.8 
LAD $0.8 
Injection $3.8 
Total $47.2 


Note: 

1. Operation and maintenance unknown and therefore not included. 

Source: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and 
Kolin 2002. 


2 Not calculated using net present valuc. 
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For CBM wells, severance taxes on fee wells are calculated at a 6 percent rate for 
the State of Wyoming. The 39,367 wells would generate $1.3 billion in severance 
tax over the life of the project paid to the State of Wyoming. Assuming a 50 per- 
cent success rate, the 3,200 non-CBM wells will generate $91 million im sever- 
ance tax over the life of the project paid to the State of Wyoming 


Over ali, CBM and non-CBM wells in the Proposed Action would result in ap- 
proximately $1.4 billion in severance tax distributed to the State of Wyoming. 


Local Ad Valorem Tax Revenue 

Additional project revenues would be generated throughout the collection of an 
ad valorem or property tax levied on improvements constructed by the Compa- 
nies. Since this tax assessment is based on value added to property, revenues 
would increase based upon the number and location of wells. No estimate of the 
assessment of improvements associated with well development were available, 
however, assessed value would be determined as a percentage of the actual cost 
of the facilities (BLM 1998). Theoretically, revenues would gradually increase 
over the first 10 years in all four counties, provided a steady revenue stream for a 
period of years, and then decline as facilities are dismantled and reclaimed. 
Counties are often in a position to provide the necessary infrastructure and per- 
sonnel associated with the development prior to receiving revenue from this 
stream due to a lag time that can last up to 18 months. As a result of the current 
tax system, it is imperative that these governments carefully work with industry, 
the state and federal government to economically and socially plan for potential 
development related effects. Figure 4-53 shows the local ad valorem tax revenue 
by county jurisdiction. These projections are subject to the number, locations, 
and life span of facilities and gas production. 


County ad valorem tax rates for Campbell, Converse, Johnson, and Sheridan 
Counties vary slightly. In Campbell and Converse Counties, the tax rate is 
6.3 percent and in Johnson and Sheridan Counties the tax rate is 6.8 percent 
(BLM 2001). As shown in Table 4-79, Campbell County is estimated to receive 
$821 million (in constant 2001 dollars) in ad valorem taxes from CBM and non- 
CBM wells, the highest of the four counties in the Project Area. Jchnson County 
is estimated to receive $413 million in ad valorem taxes from CBM and non- 
CBM wells, the second highest amount of the four counties in the Project Area. 
Sheridan County is estimated to receive $269 million in ad valorem taxes form 
CBM and non-CBM wells and Converse County is estimated to receive $12 mil- 
lion in ad valorem taxes form CBM and non-CBM welis. 


Over all, CBM and non-CBM wells in the Proposed Action would result in ap- 
proximately $1.5 billion in ad valorem taxes for the four counties within the Pro- 
ject Area the county governments use to fund vital programs such as public 
(Powder River CBM Information Council 2001). 


4-351 PRB O & G FEIS 


BEST COPY AVAILABLE 3M 


a 


‘ . ¢ - os 
Sa en ~ “ ~o SS ae a 


15,000,000 
$ 10,000,000 
5,000,000 
ee ee eee een K | 
2002 2007 2012 2017 


Year 


~—@- 4c vakven Campbel County 3) -@- 4d vatorem Comverse County ($) ~<@- 4c valorem Jonnson County ($) 
—@ 40 aorem Sreramm Cauww, ($) -4> Tom 4c axrer 


Figure 4-53 Aleraative i — Ad Valorem Taxes by County 


Table 4-79 Ad Valerem Taxes by County 
A TA CO OE AT a TT CT TE ETI 


Source and Wells Ad Valorem Rate Sales Valueofthe Net Ad Valorem 
Location Proposed’ (percent) Well (dotiars) (dollars 
CBM 792-13 milhon 

Campbeil 21,300 63 741 milhon 
Converse 1%6 63 10 milhon 
Johnson 10,780 68 405 milhon 
Shendan Ait 6.8 267 milhoa 
Total 1.4 bilhon 
Now-CBM 2.9 — 3.3 million 

Campbell 1,339 63 30 milhon 
Converse 100 63 6 mihon 
Johnson 126 6.8 8 mihon 
Shendan 35 6.8 2.2 million 
Total 96 milhon 
Grand Total 1.5 billion 
Note: 

1. Assumes SO percent success rate. 

2. Net present value of ad valorem tax discounted at 10 percent. 

Source: BLM 200ic 
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Based on these assumptions, it is estimated that revenues from sales and use tax, 
severance tax, and ad valorem tax generated over the life of the project would be 
$3.0 billion ($1.5 billion ad valorem, $1.4 billion severance, and $124 million 
sales tax), which would represent a significant impact to the state and locai 
economies. 


Quality of Life 

Project-related changes in existing ways of life that cause community discontent 
sufficient to raise conflict and organized response or opposition would be consid- 
ered to represent a significant impact on quality of life. The perception of a 
“quality of life” is a subjective and personal and vanes significantly by individ- 
ual, location, and interests. Quality-of-life issues were raised as part of scoping 
for this project; however, little mformation regarding a definition of this issue 
was provided by respondents. During scoping, one commenter states the quality 
of life considerations are a conglomerate of every aspect of life, consisting of 
tangibles and intangibles. Tangibles include factors such as noise, air, visual im- 
pacts, while intangibles consist of community values and social concerns. 


It is clear that no one would be in favor of a “poor” quality of life, but it is diffi- 
cult to assess what specific aspects of a long-term project may cause the percep- 
tion of quality of life to change in a negative manner. 


Many of the social concerns and community values toward existing oil and gas 
development are presented in Chapter 3 and generally can be applied toward 
concerns voiced during scoping with respect the Proposed Action. As discussed 
in Chapter 3, many view additional CBM developmeat as a positive impact to the 
community because of the employment and revenue streams that are generated. 
Others view the additional development adversely because of the increased dust, 
traffic, noise, modification to the natural landscape, and the stress that results 
from disruptions of daily activity as a result of working with industry on surface 
from these impacts, both positive and negative, are beyond the scope of this 
analysis, given the variability im the ways individuals react and cope with stress. 
It is anticipated that an increased number of CBM and non-CBM wells will mag- 
nify and extend the community values and social concerns for a longer amount of 
Additionally, many of the factors that would be considered by most to improve a 
quality of life (for example, employment opportunities, municipal services, and 
vital economy) may or may not be achievable without some increase mm factors 
seen to mar a quality-of-life perception (for example, traffic increase, visual im- 
pairment, use of federal lands for resource extraction, or influx of transient work- 
ers). Each of these factors is discussed im the following paragraphs. 


Local Economy 

Over time, the project would result in effects that would be considered to both 
aid and deter from a common perception of a desirable quality of life. All of the 
social ang gconomic topics described im this section would factor into a “quality 
of life.” It has been concluded thafincreased employment in certain sectors 
would be realized over the 20-year expected life span of the project. These op- 
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portumities (primaniy within the first 5 years of project development) would re- 
quire skilled as well as unskilled labor. Many of these jobs. could be filled by 
workers with similar skills who are currently residing in the Project Area. Em- 
ployment opportunities and economic stability are a positive factor in the quality 
of life. 


Visual Effects 

Seapus So Daied An. Dats Se pen Sehgee gam, & b o- 
Sen: fadh ahead, Game walls. ane anuatinh, tall Manaeaainien 
umits would occupy the landscape in certain areas. New road and pipeline corn- 
dors also would be noticeable. These effects are a necessary part of resource ex- 
traction activities in the area. These features may affect the perception of quality 
of life im terms of a visual impact experienced. Some members of the community 
are sensitive to development and find these impacts extremely noticeable, while 
other members of the community may not find these impacts to be very notice- 
able. Localized visual effects, while unavoidable with project implementation, 
can be lessened by some extent through mutigation, such as screenimg and paint- 
ing. 


Traffic Congestion 

Implementation of the project would result im an increase in traffic on federal, 
State, and local roads. Truck and heavy equipment traffic on federal lands, state 
highways, and county roads would mcrease. Some additional traffic on local 
community roads also may occur over time as new employees and project activi- 
ties create additional trips. The major traffic congestion would occur at locations 
along Interstate 25, Interstate 90 and State Highway 59 where vehicles and con- 
struction equipment would enter and exit the Project Area. Additional traffic re- 
lated effects that affect quality of life are also presented im the section of Chapter 
4 on Transportation. 


Climate and Air Quality 
Climate and air quality are discussed in detail beginning on page 4-354. 


Community Facilities and Services, Community Values 

As described in previous sections, the project would generate revenues that are 
currently not available to Campbell, Converse, Johnson, and Sheridan Counties. 
These revenues would hkely be used for a variety of purposes, inchuding funding 
for additional community facilities and services. Counties can struggle to provide 
the necessary mfrastructure and personne! because of the lag between when the 
revenue is generated and when the county receives it. Although there may be a 
moderate increase in demand on existing services over time as the project pro- 
ceeds, these effects have not been determined to be significant. Careful planning 
and budgeting of revenue would allow municipalities to consider such things as 
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Based on community values voiced, there is concem of the fragmentation of 
powerlessness, both in terms of decision making at the community and politcal 
level, but at the household and pnvate property level; the breakdown of such ru- 
ral values as “neighboring,” reciprocity and trust; the increasing feeling of an 
uncertain future; the disintegration of relanonships between humans and land and 
traditional systems of land stewardship; and the emerging redefinition of property 
values and social class systems based om ownership versus non-ownership of 
muneral nghts. However, some might view the development a bringing the com- 
munity together; allowig for am increase im local decision making; helpimg the 
agricultural character to continue because of the amount of produced water that 
will used to sustain uwnmgation for livestock; and the development could result in a 
feeling of prosperity and mcreased growth of relationships between humans and 
the land. There is potential that these social impacts may occur within the Project 
Area, but the extent and magnitude are not feasibly measurable. A region issue- 
related study would be required to fully understand and quantify these social um- 
pacts. 


It would be highly speculative and very difficult to predict the project’s long- 
term impact om community values. Likewise, it would be difficult to assess 
ates based seer Riggers bd Dawe an olittet Gn seltetens tell 
ties in the area. 


Recreation 

As discussed im the section on Recreation, hunting, fishing, sightseeing, and 
camping are a few of the recreational activities that occur im the Project Area and 
contribute to the quality of life. A decrease m recreation is not expected as a re- 
sult of the Proposed Action. The acreage removed from wildlife habitat by the 
project facilities under the Proposed Action is not likely to adversely affect hunt- 
ing and fishing opportumities within the Project Area. These activities may im- 
crease locally within the Project Area as populations of game animals and game 
fish mse locally during the life of the project, m responses to imcreased availabil- 
ity of surface water and forage. Increased access and human activity associated 
cam be hunted, which was previously inaccessible to the majority of the hunters. 
The monetary costs associated with these local phenomena would be speculative 
and are therefore beyond the scope of this analysis. 


Agricuitural Culture 

Many have concerns about the increased salinity of ungation water. Although 
increase will occur m some watersheds, the costs to the agricultural communities 
cannot necessarily be measured im this analysis, as site specificity would be nec- 
essary to predict gaims and losses to the agricultural communities. For mstance, 
transiating levels of unused vegetation into AUMs would require knowledge of 
the consumption of forage by livestock im a specific area. The impact of any 
stocking level depends on the ability of an area to withstand grazing pressure. 
Amounts available to livestock differ from place to place. Additionally, success- 
ful project-related ceclamation can result in improved grazing and therefore in- 
creased AUM value. Residents who use irmgation are concerned about drawdown 
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that maght occur and therefore affect the water quanmty, while others are grateful 
for the produced water. The livelihood of some rancher’s livelihood has been 
sustained and is thriving as a result of the produced water from CBM deveiop- 
ment. These issues cause difficulties in predicting losses or gains to the agncul- 
tural mdustry on a project-wide level. Non-monetary gaims and losses w agncul- 
tural are further discussed im the section on Land Use of Chapier 4 of this EIS. 


Crime 

Implementation of the project is not expected to affect crime statistics measura- 
bly for most types of crume that occur in the Project Area. In spite of an increase 
in CBM employment between 1999 and 2000 (Wyoming Department of Em- 
ployment Research and Pianning 2002), most crimes, including larceny, aggra- 
County Shenff’s Department 2000) between 1999 and 2000 in Campbell County, 
which is where most of the CBM workers live. Simple assault was the only cate- 
gory that showed an increase im arrests (Campbell County Shenff Department, 
2000). Crmes by employment sector are uot available in any of the counties 
within the Project Area; therefore, the number of arrests of CBM workers is not 
available. 


Other studies conducted in Campbell County indicate sumilar trends for the pe- 
nod from 1990 to 2001. According to The Analysis of Campbell County Crime 
Data for the Years of 1990-2001 , arrests increased between 1990 and 2001; how- 
ever, the majority of these arrests were for minor offenses such as contempt of 
and tobacco law violations. A small imcrease im arrests was attributable to 
possession of drugs, discrderly conduct, and drunkenness. Arrests for drug pos- 
session accounted for 4 percent of the arrests in 2001. which is not unexpected 
since mamy Communities across the country are experiencing growth in drug pos- 
session. Dasorderly conduct and drunkenness, usually considered low-level of- 
fenses, mecreased between 1990 and 2001. More serious crimes, such as aggra- 
sex offenses did not increase from [990 to 2002 and in some cases have declined 
(Beck 2002). 


Property Values 

Property values increase as result of high demand property and low supply. Prop- 
erty values within the Project Area have increased im recent years, primarily as a 
result of the influx of populanon, CBM and non-~CBM related, and the value of 
land based on royalties associated with CBM activity. Average sales pmees re- 
ported by assessors indicate that property values have increase from 5.9! to 45.47 
percent within the Project area between 1999 and 2000 (Wyoming Partnership 
database 2002). Property values may also be affected negatively by the presence 
of CBM activity and associated activity (visual, traffic. and noise, for example). 
It would be highly speculative to quantify these effects positively and negatively 
given the size of the Project Area and the social factors related to property val- 
ues. 
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; This socioeconomic analysis considered disproportonately adverse effects on 
munonty or low-ucome groups, including Nanve Amencans. No potentally aa- 
verse effects that disproportionately affect Naive Amencan tmbes or minority 
and or low-income groups have been wWenafied. Issues reiated to the social, cul- 
tural, and econoauc weil-beimg, and health of mmonmmes and low come groups 
(environmental justice) issues were evaluated during the analysis of the Proposed 
Action on socioeconomic resources, surface water amd groundwater quality, air 
quahty, hazardous matenais, and other elements of the human environment. No 


adverse affects on the social, cultural, and economnc weil being, and health of 
munortes and low-income groups. With regard to environmental justice issues 
that affect Native American tmbes or groups, the PRB CBM Project Area does 
not contaim tnbal lands or Indian communities, and no treaty nghts or indian rust 
would be likely to be physically affected by the reasonably foreseeable develop- 
ment of CBM. Communities outside the Project Area, which would have a low 
potential & be affected from a water quality perspective. include the Northem 
Cheyenne and Crow Reservations as well as a small Amish colony im southem 
Montana, just north of the Upper Tongue River Watershed. Water quality agree- 
ments and measures are discussed below with respect to environmental jusuce. 


The Tongue River flow, directly into the Tongue River Reservation and forms 
the eastern boundary of the Northern Cheyenne Reservation. Three regu’uicry 
agreements and processes ensure and restmect the impact to water quality [hese 
agreements and processes include NPDES permstting regulated by WDi ©. a 
MOC between Wyoming and Montana, and Clean Water regulated by EPA and 
lumit and prevent disproportionate effects to the human and biological resources 
im the areas. First, as stated Chapter 2, the Companies are required to monitor and 
report produced water volumes and quality to W DEQ pursuant to NPDES permit 
requirements. Discharges are required to met all apphicable WDEQ-WQD water 
quality standards and regulations at all times. The Companies on a voluntary ba- 
sis have also mitiated and funded several studies that are intended to address the 
cumulative effects of the collective water discharges. Second, WDEQ and 
MDEQ have initiated the MOC on Montana and Wyoming Powder River Intenm 
Water Quality Criteria. The intent of the MOM, wath respect to environmental 
justice, is to recognize a responsibility and an opportunity to collaboranvely pro- 
tect water quality in the Powder River Basin to facilitate the development of 
CBM activities im the states. Under the MOC, the State of Wyoming recognizes 
Montana’s downstream interests and has. commstted to apply certaim lumuts on the 
development of CBM during the term of the cooperative effort and would work 
with and support Montana’s efforts to develop long-term water quality standards 
and an equitable allocation of the assumilative capacity if one exists. The narra- 
uve regulations set forth im EPA’s Cleam Water Act also aim to protect and pre- 
serve water quality. Until tnbes submut water quality standards to EPA. the states 
(Montana and Wyoming), and federal government regulate tmbal water quality. 
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are subject to these reguianons. However, the Northern Cheyenne has submitted 
Bume ¢ water quality standards for review by EPA. if EPA approves these stan- 
dards, the Norther Cheyenne tbe will have its own water quality standards. 
These water quality standards would differentiate trom the Clean Water Act in 
that they would be numeric as opposed to narrative and could be stncter. All 
CBM produced water would meet the above requirements before *\ ..cr-related 
permats could be approved. The Northem Cheyenne water quality standards are 
discussed in the MOC between the states and are referenced in the section of this 
ES on Surface Water. 


The MOC states that water quality in streams and nvers entenng Montana trom 
Wyoming will not exceed set umats for toxicity as a result of CBM produced wa- 
ter discharge in Wyomung. For this reason, the Upper Tongue and Middle Pow- 
der sub-watersheds would aot sce noticeable increase in stream flows or in- 
creased sedimentation impact to aquatic species, increased salinity due w content 
of produced water and |ittie increase in hazardous levels of metals, assuming ail 
permitting was in conformance with the state requirements. 


BLM will abide by ali applicable water quality standards and, consistent with 
applicabie authornty, wil! work im partmership with the States of Montana and 
Wyomung to ensure that lessees comply with the state and tnbai permitung re- 
quirement:. BLM will continue to acknowledge the authomty and jumsdiction of 
the states on water quality. For this reason, water quality will be carefully regu- 
lated and impacts to fish and wildlife are expected to be limited on these reserva- 
nens. Wildlife may crease locally within and outside the Project Area as popu- 
lanons of game animals and game fish nse locally during the life of the project in 
responses to increased availability of surface water and forage. Increased access 
and human activity within the Project Area associated with the development may 
however, be subject to the amount and uming of the human activity within the 
northern portion of the Proyect Area. Impacts to hunting and fishing are not an- 
ucipated to increase or decrease as a result of the Proposed Action as a result of 
the state and tmbal permitting processes and or standards. Therefore, existing 
subsistence patterns are not expected to be altered as a result of the Proposed Ac- 
non. 


The Amish coiony north of the Proyect Area and low-income populations within 
the Project Area are not anticipated to suffer from disproportionate adverse ef- 
fects. Water quality in ail areas must be in accordance to state requ rements pnor 
to approval. 


to environmental impacts as a result of ‘ncreased stress and poor health care, the 
pacts related to health and safety are included in this document. The current envi- 
ronmental and socioeconomic CBM impacts are spread across ail races, ages, and 
to protect all groups through EPA, the Montana Department of Environmental 
Quality, and the Wyoming Department of Environmental Quality. 
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Alternative 2 spevificaliy relates to methods for handling produced water and 
may slightly increase the land required to dispose uf water. Such increase in land 
use may have negative visual implicanions ultimately affecting the “quality of 
life.” 


Altemmanves 2A and 2B result in minimal change to the employment, wages, 
housing, infrastructure, and royalties. Because of ihe water handling methods. 
emphasized in these alternanves, CBM employment will increase to 2,787 for 
Altemative 2A and 2,708 for Alternanve 2B, pmmarly resulting in the construc- 
uon of these facilines. Dect cumulative employment from CBM and Non-CBM 
development for ail phases is shown on Figure 4-54 and Figure 4-55. 
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Figure 4-S4 Alternative 2A — Direct Employment 


Non-CBM employment «ill be the same as for Alternative |. Therefore, an addi- 
tional net present value of $641 million (Alternative 2A) to $632 million (Alter- 
native 2B) in annual wages will be generated as a result of the additional em- 
ployment from the water handling facilites. There may be a slight increase in 
infrastructure demands; however there will be an increase in traffic as a result of 
the water handling methods. The number of wells. remains unchanged: therefore. 
royalties are the same as the Proposed Action. Of all the socioeconomic issues, 
taxes will be the most affected because of the cost of the water handling facili- 
ues. Specifically, sales tax revenues will be altered. Water handling as. it applies. 
to the cost of each method and number of each method is described below. 
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Alternative 2A Water Handling 


Tax revenue generated from Alternative 2A may be slightly higher than that of 
the Proposed Action primarily because of the number and types and amount of 
water handling methods. The primary water handling cost of Ajiternative 2A is a 
result of emphasis of infiltranon water handling. As shown in Table 4-80, the 
totul sales revenue generated from the »vater handling portion of this alternative is 
esumated to be $52.9 million tor the lite of the project. 


Table 4-30 Alternative 2A — Water Handling Sale Tax Revenue 


Type of Water Handling Facility Facility (millions of dollars)” 
Surface discharge — Untreated $3.35 

Surface discharge — Active Treatment 0.0 

Surface discharge — Passive Treatment RF 

iInmiltranon 3.1 
Contaimpent 0.62 

LAD 2.0 

imection 35S 

Totai 52.9 

Note: 


z Calculanons are not based on net present value. 


The total sales tax generated from dmiling and water handling in Alternanve 2A 
is estimated to be $130 mullion for the life of the project. 
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Alternative 28 Water Handling 


posed Action and Alternanve 2A because of the number of surtace discharge and 
infiltranon water handling methods. As shown in Table 4-81 the total sales tax 
revenue generated from water handling in this alternative 's estimated to be $60.7 
millon for the life of the proyect. 


Table 4-31 Alternative 28 — Water BW cdling Sales Tax Revenue 


Sales Tax Generated trom Water s 
Type of water handing facility Handling Facality (millions of doilars)” 
Surface discharge —- Untreated $2.77 
Surface discharge — Active Treatment 16.3 
Surface discharge —- Passive Treatment 10.4 
Infiitranon 23.6 
Containment’ 1.3 
LAD 21 
Injechun 33 
Total 60.7 
Note: 


|. Operation and maintenance costs are unknown and not included. 

2. Calculations are not based on net present value. 

Source: CBM Operators Information Survey Resuits Report, 200i: Willams, 2001. and 
Kolin 2002. 

SE CE a TED 


The total sales tax generated from the dniling and water handling of Alternative 
2B is estimated to be $138 million for the life of the proyect. 


50 percent of the booster compressors, with the difference using gas-fired boester 
compression and electrification of 100 percent of the booster compressors. The 
cost associated with these alternatives varies depending on the price of gas versus 
the pnce of electmeity. For this analysis, if the pnee of electreity is assumed to 
be $0.0372/kilowatt hour (kWh) (Browne 2001) and a fully loaded engine can 
produce the equivalent of .746 kWh, then electrc generation would cost ap- 
proximately $0.02775 per horsepower hour. 


Assuming the gas-fired enguie requires 0.01 mef per horsepower hour (Zavadil 
2001) and gas is at $2.25 per mef (Wyoming Division of Economic Analysis, 
2001), gas-fired compression would cost approximately $0.02250 per horse- 
power hour. Therefore, the price of gas would represent a [9 percent savings. 
Capital costs for motors, generators, and engines are inciuded in this analysis. 
Addinonally, because the gas is used on these compressor engines, there is some 
savings to the Companies trom the basis differential, gathering and compression 
rates, transport deductions, and royalty and ad valorem savings, which ultmately 
resuit in lower net fue! cost. For instance, the fuel cost might be $3.00/mmbtu, 
however, after these deductions, the true cost for fuel is only $).32/mmbtu 
(Keanim 20016). Natural gas is a more economical opnon because of the number 
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of costs that the operators do not incur. One of the costs that is not incurred is the 
payment of royalties as a result of leasehold use. The federal government does 
not retain royaihes when the natural gas is used by the leasehoider to fuel natural 
gas booster pumps. It is estumated that if 136,656 mmbtus are required per year 
per engine (Keanim 20016), $5.59 million to $6.71 million would be lost in roy- 
alties per 2,000-horsepower engine over the life of the proj ‘2ssuming the net 
present value, discounted at 3 percent), However, even if - yal! costs. were in- 
continue to be more economical for the operators (Keanini 2001b). 


For this. analysis, given the current projected price of natural gas and electricity, 
natural gas booster compressor units would be more economical to the operators. 
but would resuit in a loss of royalties for the federal government. Electric booster 
compression units add no economic value to the operators or the community. 


Alternative 3 — No Action 


Under the No Action Alternative, additional natural gas drilling would not be 
authorized on federal leases within the Proyect Area. However, diniling could sull 
occur on state and private land. The No Action Alternative would result in ap- 
proximately |,481 fewer jobs. created during the peak activity years in the Project 
Area over the life of the project and therefore approximately $196 million in an- 
nual income within the counties of the Project Area. Figure +-56 identifies the 
locations of CBM and non-CBM weils by jurtsdictiun. 
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Figure 4+-S6 Alternative 3} —— Number of Wells by Jurisdiction and Year 


Expenditures made by the Companies and local tax revenues would be reduced 
substantially because 23,909 fewer CBM weils and |,885 non-CBM wells would 
be dniled under this alternative, which aiso decreases the revenue generated crom 
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other facilines as well. In addition, the costs. and benefits of the project directed 
to Campbeil, Converse, Johnson, and Shendan counties would be reduced reja-~ 
uve to the Proposed Action and Altemative 2. Federal mineral royalties from 
CBM alone would result in $1.7 billion less in sales value than in the Proposed 
Action. With no additonal federal weils, no additional federal royalties would be 
availabie and no associated distribunon to the counties. 


Tax revenue generated from Alternative 3 is lower than the Proposed Action and 
Alternatives. 2A and 2B, primarily a result of the decreased number of weils, 
which therefore decreases the number of water handling facilities. As shown in 
sales tax generated from drilling and water handling is esamated to be $82 mil- 
lion for the life of the project. The severance tax generated from this alternative 
is esumated to be $1.1 billion for the life of the project. The ad valorem tax gen- 
erated from this alternative is estimated to be $1.2 billion for the life of the pro- 
ject. Figure 4-57 and Figure 4-58 illustrate the percentage of royalties and taxes 
for Alternative 3 CBM and Non-CBM wells. 


Additionally, not drilling federal wells now may result in future negative produc- 
likely result in depletion of federal minerals, and therefore potential federal roy- 
alties, within portions of the Project Area. Modeling by Joe Meyer, BLM hy-~ 
drologist, indicated that in an undrilled area within the project Area, 9 to 22 
pounds per square inch (psi) of pressure drawdown would occur in as much as 
1.5 miles from the boundary of the producing well after 18 months of production 
(BLM 20016). Such sigmificant pressure depletion is considered large and exten- 
sive (BLM 20016). According to the same report, it is believed that undriled 
federal acreage, specifically within the Upper Belle Fourche River sub- 
watershed, may have been so severely depleted that am economic weil is no 
longer feasible. It is anticipated that depienon weuld continue to worsen and 
spread over a wider area within a portion of the Project Area as CBM develop- 
ment continues (BLM 20016). 


Table +32 Alternative }— Cost and Sales Tax Revenue 


Sales Tax Generated From Water Handling Facility 
dollars)” 


Type of water handing facility (mihons of 
Surface discharge -— Untreated $10.4 
Surface discharge — Active Treatment 0.0 
Surface discharge — Passive Treatment 1.04 
Infiltranon %.77 
Containment* 4 
LAD 0.45 
Injection 21.5 
Total 24.0 
Note: 
b. lon and Maintenance cests are unknown and not inciuded. 
2. Not caiculated using net present value 
Source: CBM Operators information Survey Results Repert, 2001. Williams, 2001, and Kolin 
2002. 
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Chapter 4 — Environmental Consequences 


Be Like Alternative | and 2, Alternative 3 would not have significant adverse Envi- 
BS | ronmental Justice affects on the social, cultural, and economic well being and 
See , health of minorities and low-income groups for the reasons stated under Alterna- 
tive I. 


| Cumulative Effects 


Economic Consequences 


The estimated cost of each alternative is provided in Table 4-83. The costs were 
generated using cost assumptions provided in Table 4-84 and Table 4-85. For 
this analysis, the following costs were not included in this analysis: land acquisi- 
tion and holding: royalties; permitting; engineering; corporate overhead; man- 
agement; taxes; interest; return of and return on investment; and time value of 
money. The costs that are provided were used to estimate the socioeconomic im- 
pact to the affected communities. 


Campbell County Severance Tax 
20% 38% 


Figure 4-57 Alternative 3 — Net Present Value of Taxes and Royalties 
from CBM Wells 
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35% Severance Tax 


Figure 4-58 Alternative 3 — Net Present Value of Taxes and Royalties 
from Non-CBM Wells 


Table 4-83 Estimated Direct Cost of Each Alternative over the Life of 


Project ($ Millions) 
8 
Source Alternative! Alternative 2a Aliternative2b Alternative} 
Wells 

Capital Costs 4,172 4,172 4.172 1,653 

Operation and Maintenance 12,940 12,940 12,940 5,128 

Reclamation 159 159 159 57 
Water Handling! 

Capital Costs 260 326 374 114 

Operation and Maintenance 1,180 1.270 1,501 630 

Reclamation 132 168 148 56 
Total” 18,843 19,035 19,294 7,638 
Note: 


1. Water handling includes Surface discharge (Untreated, Active Treatment and Passive Treat- 
ment), Infiltration, Containment, LAD, and Injection. 

2. Estimations do not include costs for the following: land acquisition and holdings; royalties; per- 
mitting; engineering; corporate overhead; management; taxes; interest; depreciation; return of 
and return on investment; and time value of money. Costs are not calculated in Net Present 
Value. 

Source: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and Kolin 

2002. 


Costs associated with increased maintenance of infrastructure, loss of water, soil, 
agricultural production, wildlife, and land value were not assessed as they are 
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beyond the scope of this analysis. As a result of the costs that would or would not 
be incurred as a direct result of the project, it would be arbitrary and speculative 
to attempt to quantify the monetary opportunity costs associated with mainte- 
nance of inirastructure, loss of water, soil, agricultural, production, wildlife, and 
land value. Many other non-project related factors alter the economics of the 
elements. There would be a number of variables to consider when calculating 
these costs, which are beyond the scope of this analysis. For example, the poten- 
tial for discharged CBM water to harm irrigated crops would depend on the crop, 
irrigation technique, the total concentration of soluble salts, and its relative pro- 
portion of sodium to other cations (such as calcium and sodium). The noa- 
monetary opportunity costs for these resources are discussed in the relevant sec- 
tions. 


The cost was generated using dsta provided in the Coal Bed Methane Operators 
Information Survey Results Report, prepared for the Eastern Research Grou, 
Inc. and for EPA (O&G Environmental Consultants 2001). Additionally, Mike 
Kolin, P.E., of Greystone, generated estimated project-related costs. (Kolin 
2001). Because the conceptual level of this analysis does not present site-specific 
tive analysis based on a series of assumptions. In instances where cost was specu- 
lative, it was not included in the analysis (such as roads, pipelines, compressors, 


Table 4-84 Estimated Direct Costs of Drilling and Reclamation for CBM 
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and Nen-CBM Wells 
eee ee 
Dnilling and completion $60,000 per well’ $500,000-2,500,000° 
Well Infrastructure Cost per well’ $23,500 per well $50,000° 
Additional pod infrastructure* $21,000 per weil’ $50,000-75,000° 
Gathering Fees per $20,000 per well’ $10,000 per well” 
: rw ‘ 1,240 per hb per well! emis seaecea 
Reclamation $700 per acre” $3000 per acre” 


Notes: 

1. Generated using coal Bed Methane Operators Information Survey Results, prepared for the 
Eastern Research Group inc. and for the EQOA. O&G Environmental Consultants 2001. 

2. Non-CBM estimated costs by D. Chase, BLM Reservoir Management Group. 

3. Well mfrastructure costs include telemetry equipment, pumps, and doghouse. 

5. Pipeline fees are costs to move gas from well head to plant. 

6. Operating costs mclude lifting costs to wellhead. 

7. Provided by Williams 2001. 

a ee 
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Chapter 4 — Emuronmentai Consequences 


Table 4-85 Estimated Cest ef Water Handling Facilities 


CO } 
Water Handling Capital Cost of Construction cost O&M Reclamation cost 


(Includes labor) per facility (S/db!) per facility 
Surface Discharge $45,000 $0.05' $40,000 
Infiltration $72,000 $0.06' $44,000 
Containment $1,200,000 Unknown $400,000 
LAD $500,000" $0.02" $3,000 
Injection $90,000' $0.06' $9,000 
Note: 


1. Generated using Coal Bed Methane Operators Information Survey Results Report, prepared for 
the Eastern Research Group Inc and for the EPA. O0&G Environmental Consultants 2001. 
Sources: CBM Operators Information Survey Results Report, 2001; Williams, 2001; and Kolin 
2002. 
a ae PE 


Alternative 1 


Although the cumulative economic value of CBM development under this alter- 
native is very large, the cumulative workforce required for the project is esti- 
mated to require approximately 643 employees for construction, 4,960 for opera- 
tion and maintenance, and 246 for reclamation during peak activity years (2007 
and 2009). The highest peak activity would be in 2007 and would necessitate 
5,579 employees. It is anticipated that 300 of these jobs would be filled from the 
local labor force. Additional workers would come from outside the region, or the 
unemployed labor force would obtain the necessary skills to fill the positions. 
Over the life of the project, the net present value of the annual payroll is esti- 
mated to be $1.2 billion. Employment opportunities will likely be greatest during 
the first 10 years, and would gradually decrease over the life of the project 
(Figure 4-59). 


Because the local labor force would likely occupy new jobs, the increased popu- 
lation growth of the communities is not anticipated as a result of the Proposed 
Action. However, during peak activity years, short-term effects from a 7 percent 
incremental increase in population may be substantial. It is not anticipated that 
water systems, solid waste disposal, public schools, law enforcement, fire protec- 
posed Action. The local counties are accustomed to absorbing fluctuations in 
mineral development, which cause cycles of increasing and decreasing demands 
for workers, housing, and community services. Much of the infrastructure re- 
population. 

In addition to salaries generated by the project, extra revenue would filter to 
county levels through federal royalties, local ad valorem taxes, and sales and use 
taxes. Based on projected market prices, it is estimated that cumulative federal 
royalties from CBM would total $2.5 billion and $337 million from non-CBM 
wells (net present value discounted at 10 percent) over the life of the project. Ap- 
proximately half would be paid to the State of Wyoming and half to the federal 
government. State mineral royalties, sales and use tax, severance tax, and ad 
valorem taxes would generate $3.2 billion in revenue from CBM wells and $688 
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million from non-CBM wells to be distributed by the state and counties, for 
schools, roads, and other community infrastructure. 
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Figure 4-59 Alternative | — Cumulative Employment 


Figure 4-60 and Figure 4-61 illustrate the cumulative percentage of royalties and 
taxes from existing development as well as development from Alternative | 
CBM and non-CBM wells. 


to the quality of hfe. For some, the sustamed employment and economic devel- 
opment as a result of the Proposzd Action may be viewed as a positive impact te 
quality of life. For others, the environmental and social impacts disclosed here 
may be viewed as a negative impact on the quality of life. Particularly, CBM re- 
impacts to the agricultural community are of concern. For some, CBM produced 
water is beneficial because of the increased quantity for immgation that would not 
be available without CBM development. For others, concerns of potential degra- 
dation of water quality and potential drawdown affects may impair the quality of 
life. The latter issue will be primarily regulated by the MOC between the States 
of Montana and Wyoming and the water quality thresholds and criteria being 
prepared for the Montana Board of Environmental Review and Northern Chey- 
enne Tribe. 
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Figure 4-60 Alternative 1 — Cumulative Net Present Value of Taxes and 
Royalties of CBM Wells 


Figure 4-61 Alternative | — Cumulative Net Present Value of Taxes and 
Royalties of nea-CBM Wells 


Implementing the Proposed Action would have cumulative effects on social, cul- 
tural, and economic well bemg and health of minorities and low-income groups. 
With regard to environmental justice issues affecting Native American tnbes or 
groups, the Powder River Basin Oul and Gas Project Area contains no tnbal lands 
or Indian communities, and no treaty nghts or Indian trust resources are known to 
exist for the area. Environmental effects associated with water quality north of 
the Project Area on or near the Crow and Northern Cheyenne Reservations will 
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be subject to applicable water quality standards by the tribes, EPA, and the State 
of Montana aad State of Wyoming. 


Alternative 2 cludes all of the cumulative effects as described for the Proposed 
Acton, but differs from the proposed action in water handling and compression. 
Altemative 2A and 2B would require approximately | 82 and 84 additional em- 
ployees than under the Proposed Action. 


Alternative 2A results in $5.7 milhon more in sales tax from water handling, and 
Alternanve 2B results in $7.8 millon more in sales tax from water handling than 
Alternative |. The use of natural gas fired booster compressors proves to be more 
economical for the operator and electric booster compressors provide no eco- 
nomic benefit to the community. Use of leasehold gas for compression would 
result in loss of royalttes to the federal government. 


Alternative 3 


Under this alternative, no additona/ wells would be diniled on federal lands. Ap- 
proximately 1,481 new jobs would be created under Alternative 3, resulting im 
about $196 milhon in personal income. Impiementanon of Alternative 3 would 
result in a complete loss of all the federally related benefits and costs descnbed in 
the Proposed Action because no federal royaites would be collected and thei 
now may result in future negative production rates on federa! minerals because of 
the depletion of minerais from diniling on state and private lands. 


Human Health and Safety 


The potential effects on human heaith and safety associated with impiementanon 
of any of the alternatives are addressed in this section. Potential effects to human 
health and safety that could be associated with additional CBM development in 
the Project Area include concentrations of methane in water wells or structures 
housing weils that are located near CBM development areas, methane seepage in 
populated areas near the outcrop or in other areas where geologic conditions al- 
low migration of methane, contammation of dmnking water aquifers by the 
chemicals used in hydraulic fracturing (if hydraulic fracturing is used), effects of 
SAR and sahmity from discharge of produced water. and ruptures of pipelines. In 
addition, effects to health and safety could amse from the use of hazardous mate~ 
rials and pesticides, spills, illegal dumping, potentta! for an increase in traffic 
cation of dust control treatments such as magnesium chlonde to roads. 

It was assumed that, for any of the alternatives, the CBM development operations 
im the Project Area would comply with state and federal regulations, including 
the Resource Conservation and Recovery Act (RCRA), the Occupational Safety 
and Health Act (OSHA), the Cleam Water Act (CWA), and the Clean Air Act 
(CAA). The BLM requires notification of al! hazardous materials to be used on 
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BLM and FS lands for CBM development in the Project Area and is responsibie 
for ali releases of hazardous materials on these lands. 


Safety requirement for well operations are also specified under 43 CFR Ch. IL 
subpart 3162.5 — Environmental Obligations. This regulation requires the ap- 
proval of a dnilang and operamons plan that addresses the appiicabie procedures. 
to be employed for protection of environmental quaiity, « -'uding control and 
removal of wastes. spill prevention, fire prevennon and fighting procedures, and 
safety precautions. The Compames would develop emergency pians that would 


would be trained in the storage, handling, and disposal of hazardous matenais, 
and in implementanon of the safety procedures in the emergency plans. 


The Compames would also take measures to protect the public, livestock. and 
wildhfe from hazards at CBM-related facilites. For example, warning signs 
would be posted around facihmes, as required by reguiamons. In addimon, com- 
pressor stanons would be fenced and gated. 


Alternative 1 


Under mpiementanon of Alternative |. there would be minumai additional short- 
term and long-term nsks to human heaith and safety associated with potennal 


methane migranwn and seepage. pipeline ruptures, and increased vehacuiar waf- 
fic, as desenbed in the following subsections. 


Methane Migration and Seepage 

Direct impacts from the addinonal CBM development under the Proposed Action 
melude potentially mcreased msks of methane seepage. fires, or explosions. 
Methane is net biologically toxic and does not cause cancer. but high concentra- 
noas in confined spaces can displace oxygen and present a danger of fire or ex- 
plosion. 

Methane gas cam reach the surface by naturally occurmng seepage along fauit 
lames, fractures. or sandstone layer im areas where coal beds are shallow. Gas 
muigranon could be enhanced dumng CBM development in areas along the cual 
outcrop. Non-CBM wells may provide pathways for migranon of methane if the 
casings or plugs are inadequate or faulty or lack isolamon through the coa! hon- 
zoas. The potennal for nugration of methane i» CBM weils is mimimized or pre- 
vented by the use o. ihe current CBM industry standards for cementing and cas- 
ing that isolate or protect ail zones trom gas or fluid migration. Water wells are 
for mgranon of methane. 


As populaton and the density of residennal development increase over ume. the 
fires, or accidents to affect residemmal land uses and human health and safety 
would de likely to increase. Risks © human health and safety would mse propor- 
nonately with the number of CBM wells and with increased proximity of CBM 
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proposed CBM facilines would be most sensitive to these nsks. 


Risks from methame associated with ol and gas wells, including CBM weils, 
would be controlled through the BL M-mandated condinons of approval for the 
appropniate to site-specific CBM development pians. in addinon. the Companies 
fire prevennun and control measures. 


Expenence in the PRB has shown that few cases of methane seeps that invoive 
potennally explosive concentramons have occurred. The extent and intensity of 
methame migranon and seepage associated with the proposed action would de- 
pend on site-specific cundinons. Although some potential for increased migranon 
and seepage of methane exists im the Project Area, increases in msks to human 


impiementanon of the Propused Action 1s unlikely to mcrease the msk of cual 
fires mm the Project Area. Spontaneous combustion of cual ts not likely to be 
caused by CBM development under Alternative |. The potential for coal fires 
associated with each of the alternanves is analyzed ‘2 Geologse Hazards discus- 
szons in Chapters 3 and 4. 


Contamination of Drinking Water Aquifers by 
Hydraulic Fracturing 

Hydraulic fractumng, if used t© complete CBM weils, is not hkely w have any 
effect on groundwater quality. Although the potennal impacts on underground 
sources of dmrnking water from hydraulic fractumng of CBM wells are not weil 
known, no cases of groundwater cuntammmanen associated with hydraulic fractur- 
ing of CBM weils have been substanmated (EPA 2002a). Only a limited area sur- 
rounding the CBM weil bore is affected by thus procedure. Commonly used trac- 
turng fhuds do not contain environmentally hazardous substances. None of the 
consaquents used in hydraulic fractumnyg of CBM wells have been documented tw 
affect water weils or groundwater supplies in the PRB. 


Where CBM weils are diniled in close proxumity to using water wells, the wa- 
ter quality in the existing wells may be temporanly affected by increased sed- 
ments, fines. and odors. These effects are expected w be temporary. clearmg up 
after a nme. Site-specific monitormg data would be seeded to evaluate whether 
an aquifer or water weil has been impaired by hydraulic tracturing (EPA 2002). 


Based on a 1998 survey of state oil and gas agencies by the Ground Water Pro- 
tection Council (EPA 2002a ), ao wmpects to existing dmnking water wells had 
deen documented from hydrauisc fracturing. An analysis of the potential for con- 
tammmanoe of dnnking water aquifers by the chemucais used in the hydraulic trac- 
tuning fluids, as weil as monitoring, are addressed in the Groundwater sections. 
lrapiementanon of the MMRP as outlined in Appendix D would mumauze the 
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impacts of Sodium Adsorption Ratio in Produced 
Water 


It is unlikely that surface discharges of produced water with high SAR values. 
would affect dmnking water supplies, as discussed in the sections on Groundwa- 
ter and Surface Water. 


The State of Wyoming has established water quality standards for surface waters. 
for the protection of both human health and aquane life. Aquatic life standards. 
are more stmngent than drinking water standards for some constituents. If pro- 
duced water does not meet Wyomung’s quality standards, it cannot be discharged 
to waters of the state; however, Wyomung has not currently established numerical 
standards for SAR. salinity, or sodium. Potennal impacts to surface water quality 
oa tribal lands associated with the Proposed Achon are addressed in the sections 
on Surface Water. Impacts to fish from wecreasing salinity in surface drainages. 
associated with the proposed action are addressed in the section on Aquatic Spe- 
cies. 


Pipeline Ruptures 

Addinonal CBM development may increase the potential for leaks or ruptures of 
gas flowlimes or pipelines. Most ruptures occur when heavy equipment acciden- 
tally stnkes the pypeline while operating in -lose proximity. These ruptures may 
result in a fire or explosion if a spark or open ‘lame ignites the escaping gas. 
Materials used in the pipelines would be designed and selected in accordance 
with applicable standards to minimize the potential for a leak or rupture. Pipeline 
markers are posted at frequent intervals along the pipelines to warm excavators 
and te reduce the msk of accidental rupture ffom excavating equipment. The 
Companies would monitor the pypeline flows by ether remote sensors or daily 
inspections of the flow meters. Routine monitormg reduces the probability of 
effects to health and safety from ruptures by facilitating the prompt detection of 
leaks. If pressure losses were detected, the wells would be shut in unnl the prob- 
lem is tsolated and addressed. 


Approximately 20,474 miles of new pipeline would be associated with the pro- 
posed action. Based on a stafisucal average of one safety mcident per year per 
5,445 miles of total pypeline (BTS 2002), four addinonal pipeline safety incidents 
(including ruptures) may occur per year over the life of the project. The specific 
locanons of the proposed pipelines are not yet defined: therefore, detailed est- 
mates of the msk of pipeline ruptures in the Project Area are not quantifiable at 
this ume. Under implementation of the proposed action, there would be minimal 
uccteased msks to human health and safety associated with potential pipeline rup- 
tures in proportion to the increased number of CBM-related facilities. 


Use of Hazardous Materials and Pesticides, Spills, 
and lilegal Dumping 


Impacts to human health and safety could anse from the hazardous matenais and 
the potential for accidental spills or illegal dumping of hazardous materials or 
wastes. 
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Federal and WOGCC regulations address the transport. storage, and disposal of 
hazardous. matenals. or wastes. Assuming that the operators comply with the 
reguianons, these rules would minimize the potential for spills or contamination 
of surface drainages or groundwater or releases of air emissions. Weil operations. 
are aise regulated under 43 CFR Ch. Il, Subpart 3162.5 — Environmental Ob .ga- 
aons. This regulation requires approval of a drilling and operations pian that aJ- 
dresses the applicable procedures to be employed to protect environmental qual- 

ity, meluding control and removai of wastes, spill prevention, fire prevention and 
+ ean esa ye sel 


Regulations for handling, s*orage, and disposal of hazardous materials are cod!- 
fied at 49 CFR Parts 171 and 179. EPA requires a Spill Prevention Control and 
Countermeasures Plan (SPCC) under 40 CFR Part | 12 for storage of large quan- 
tunes of petroleum products, such as fuels. Oil spills must be reported to the EPA 
Nanonai Response Center as required by 40 CFR Part 110. Federal and state op- 
erating and reporting requirements include provisions to clean up and mitigate 
spills or releases of chemicals, product, or wastes. 


BLM policy requires identificanon of the chemicals that would be used, stored, 
agement Plans. would be developed and impiemented by the Companies to pre- 
vent spills and illegal dumping of hazardous substances, pesticides, and wastes. 


It is assumed that the storage, use, and transport of these materials and the dis- 
posal of wastes generated would comply with ail pertinent federal regulations. 
The specific locations of the proposed storage areas for these hazardous materials. 
are not yet defined; therefoic. Jetailed esmates of me msks of spills are not 
quantifiable at this ume. The hazardous maternais typically used in CBM devel- 
opment and the estimated quantities that would be stored in the Project Area are 
listed in Table 4-86. 


Hazardous materials commonly used in CBM development include ammonia, 
gasoline, diesei fuel, motor oil, greases and lubmecants, solvents to clean equip- 
ment, heat transfer fluids such as antifreeze (glycols), paint, sand, fernlizers, and 
herbicides (weed killers). Other than the minimal amounts of herbicides that are 
used to control noxious weeds, pesticides are not generaliy used for CBM devel- 
opment. The BLM or county where the CBM facilities would be located would 
approve the type of herbicides and their planned uses at a specific site and ume 
of application. Additional hazardous materials that are used for CBM develop- 
ment include sodium hydroxide and buffers (to regulate the pH of the dniling 
mud), acids for weil stimulation, and surfactants (soap-like materials to remove 
carbon dioxide during gas. processing), imert gases (not toxic, flammable, or ex- 
plosive), and welding and cutting matenals. 


Typical wastes generated by oil and gas development include produced water, 
condensate, and soils contaminated with relatively low concentrations of petro- 
leum products. Disposal of some quantities .« crude ol or condensate typically 
involves the sale of these wastes to a waste oil recycler. Contaminated souls are 
generally disposed of im an approved landfill used for nonhazardous wastes or are 
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treated on site (through land farming or aeration) if permitted by the local reguia- 
tory ageucies. 


Table 4-36 Typical List of Hazardous Chemicals Used per CBM Weill 


Hazardous Typical Use. Aggeanemate: Queatity \ineat__ 
Hydrochione acid Weil sumujanon <! gailen 

Souium hydroude pit cuntrol 50-250 pounds. 
Soda ash pit cuntroi 30-250 pounds. 
Sodium dicarbunate pit cuntrei 50-250 pounds. 
Lime Dniling maternal 50-250 rounds. 
Cement Weil compichur aod plugging 10,.000-25,000 pounds 
Calcm chionde Cement additive JU0U- S00 pounds 
Cejluiese puiymer Cement additive 5-20 gallons 
Ceiluiose flakes Cement additive 25-75 pounds. 
Bentonite Cement additive oUU- | S00 pounds 
Pozzaians Cement addtiave 5.Q00- | 5,000 pounds 
Ammvaium bisulfite Corrosion ininbdator 5-25 gallons 
Oxygen scavenger Corremua iniditor 5-25 gallons 
Aluminum stearate Defowmmny agents 0-SY gailons. 
Mixed aicuhois Deftoamny agents 0-58 gallons 
Sodium acid pyrophusphate Detergent U-S0 gallons 

Class C explomve Charged weil jet perforannyg gun = 0-1 00 pounds 
Class A expiosive Detonaiors 0-100 pounds 
Parnaily hydrolized potyacrviamd46le — Filtranen cuntred agents O- (00 pounds 
Poiyamonse ceiluion iltraten cumtred agents O- LOU pounds 
Dresei Fuel | .QOO-3.000 yaitons 
Gasoline Peel 100-200 yailons 
Cellulose and guar denvatves Gelling agents O- SO pounds 
Ethylene givcoi Heat transier Hurd (cuviant) 25-250 gallons 
Nitrogen inert yas O- | GWU pounds 
Hydrauiic (uids Lubricants SU-20U pounds 
Mica Circulation matenais O- | JUO pounds 
Sawalunt Circwaton matenais O- | OU pounds 
Paint & pani ‘hinner Reduce corrosion S25 gallons 

Pipe jou compound Sealant 10-25 gallons 


Human heaith and safety w. ild likely be © -t by the Companies’ compili- 
ance with ail applicable federal and state . « sing safe operation of natu- 
ral gas facthnes. In addinen. the Companass b developed emergency plans 
ures for hazardous maternais and wastes. Impacts to human health and safety 
development are expected to be unhkely. 


impiementanon of the proposed achon may result in an increase of 25 percent or 
more in traffic for some of the public roads im the Proyect Area. along with pro- 
purtionate increases in potse and air emissions from proyect-related vehicles, fu- 
grave dust from roads, and msk of traffic accents. For the Proposed Acton, um- 
pacts to human health and safety assocrated with the noise. vehicie emissions, 
and operaven of CBM-related facilines are expected to be unlikely Noise, veii- 
cle emissions, and fugitive dust are addressed im the section on Air Quality and 
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Climate. The esumated increases in daily traffic for the Propused Action are ana- 
lyzed in the section on Transportation. 


The specific locations of the proposed weils and access roads are not yet defined: 
therefore, site-specific esumates of increases in vehicular traffic and the associ- 
ated potential msks of accident for the public roads im the Project Area are not 
quantifiable at this ume. Implementanon of the Proposed Action would resuit in 
significant increases in vehicular traffic on some public roads, with a proportion- 
ate increase in the msk of traffic accidents, as addressed in Sectiun 4, Transperta- 
ton. 


Magnesium Chioride 

Under impliementanon of Alternative |, potential effects to human health and 
safety are unlikely to occur from the use of magnesium culonde for dust suppres- 
sion on CBM-related roads. Some counties in the Proyect Area and some of the 
Companies occasionally use magnesium chionde to control dust near residences, 
or for deicing brdges and tunnels. In general, one application of magnesium 
chionde would control dust for up to | year. 


EPA and the State of Wyoming have approved use of this chemical on public 
roads, with appropnate application procedures. Based on a long history of not 
generally producing adverse lung or toxic effects, no specific airborne exposure 
lumat is currently established for workers using this chemical. Magnesium chio- 
nde is considered a “particulate not otherwise classified” in defining the maxi- 
mum allowable air concentrations to protect workers, and is therefore considered 
am “inert” or “nuisance” dust. 


Although not highly toxic. any dust in suffictent concentranon will have adverse 
effects. High concentranons of magnesium chionde are a minor imation to eyes 
and skin, and inhalanon may cause mild irmtahon to the mucus membranes. In- 
gesnon of high amounts can cause abdominal pain, vomiting, diarrhea, and, un- 
der some conditions, depression of the central nervous system. Hypersensitive 
persons may suffer additional adverse reactions. 


Impacts to human health and safety from the use of magnesium chionde for dust 
control on roads associated with implementation of the proposed action are ex- 
pected to be unlikely. 


Alternatives 2A and 2B 


Under implementation of Alternatives 2A and 2B, the number of new wells, weil 
pads, pipelines, and roads would be the same as descmbed for Alternanve |. The 
potential effects to human health and safety associated with implementation of 
Alternatives 2A and 2B would be similar to those descnbed for Alternative |. 


Alternative 3 


Under implementation of Alternative 3, development of non-federal CBM wells 
would continue on non-federai lands in the Project Area. Fewer wells would be 
dniled, fewer well pads, pipelines, and roads would be constructed, and the total 


yds 


+—Bna tal Conanquenene 


number of C3M facilites would smailer under unpiementanon of Alternative 3. 
The estimated increases w average daily traffic under Alternative 3 would be 
more than 25 percent compared with the existing average daily traffic for some 
of the roads in the Project Area. Under impiementanion of this alternative, there 
wouid be minumai additional risks to humam heaith and safety associated with 
potenual methane migranon and seepage. similar to those descmbed for Alterna~ 
uve |. There are 8,546 miles of new pipelines. associated with Alternanve 3 and 
an associated potential for |.5 addinonal pipeline safety incidents (including rup- 
tures) per year over the life of the project. 


Because there would be fewer new facilites under implementanon of Alternative 
3 compared with Alternative |. the potential msks to human health and safety 
would be reduced proportionately. Long-term effects to human health and safety 
would be minimal from implementation of Alternanve 3. 


Cumulative Effects 


Long-term human health and safety effects to the residents of properties adjacent 
to the major access roads within the Project Area would be minimal. These 
minimal risks would result from generation of increased traffic, noise, air emis- 
sions, and fugitive dust from projyect-related vehicles associated with any of the 
alternatives. The msk of traffic aceidents associated with the addiienal vehicular 
associated with potential methane migranon and seepage and pipelin: © .j-uures 
would be minimal, in proportion to the increased number of proyect-related facili- 
tes. 


Air Quality and Climate 


Although the proposed Alternatives and non-proyect sources have the potential to 
emit carbon dioxide (CO-) and methane, no measurable impacts to climate are 
anneipated from implementation of any of the proposed Alternatives. Potential 
umpacts to air quality were analyzed as described below. 


issues, Impact Types, and Criteria 

Fugrave dust and exhaust from construction activities, along with air pollutants. 
emitted during operation (Le., well operanons, injection weil and pipeline com- 
pressor engines, etc.), are potential causes of decreases im air quality. These ts- 
sues are more likely to generate public concern where natural gas development 
activities occur near residential areas. The Crow Tribal Council and the federal 
land managers (FLMs) have expressed concerns regarding potential visibility and 
atmesphene deposition (acid rain) umpacts within distant downwind PSD Class i 
and PSD Class LI sensinve areas in Wyoming, Montana, southwestern North Da- 
kota, western South Dakota, and northwestern Nebraska. 


Aur pollutant dispersion modeling was performed to quannfy potential PM, and 
SO» umpacts curng construction based on the individual poilutant’s penod of 
maximum potential emissions. The EPA CALPUFF dispersion mode! was used 
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with meteorological data generated by the MMS (mesoscale model) and CAL- 
MET models. These meteorology data were combined with air pollutant emission 
values to predict maximum potential concentrations in the vicinity of assumed 
well and compressor engine emission sources for comparison with applicable air 
quality standards and PSD Class II increments (Argonne 2002). 


Construction emissions would occur during potential road and well pad construc- 
tion, well drilling, and well completion testing. During well completion testing, 
natural gas may be flared and exhausted. Since the burned natural gas is “sweet” 
(does not contain sulfur compounds), no objectionable odors are likely to occur. 


Maximum potential near-field particulate matter emissions from traffic on un- 
paved roads and during well pad construction were used to predict the maximum 
24-hour and annual average PM, concentrations. Maximum air pollutant emis- 
sions from each well would be temporary (i.e., occurring during a short construc- 
tion period) and would occur in isolation, without significantly interacting with 
adjacent well locations. During construction, particulate matter emissions from 
well pad and resource road construction would be minimized by application of 
water. The control efficiency of the dust suppression was computed at 50 percent 
during construction. During production and maintenance, the Companies would 
not routinely employ dust abatement procedures on roads within the Project 
Area. 


Air quality impacts from potential development were analyzed and reported in 
the following sections on Altemmatives and Cumulative Impacts. This analysis 
was prepared solely under the requirements of NEPA to assess and disclose rea- 
sonably foreseeable impacts to the public and BLM and FS decision makers be- 
fore a ROD is issued. The air quality impact assessment was based on the best 
available engineering data and assumptions, meteorology data, and dispersion 
modeling procedures, as well as professional and scientific judgment. However, 
where specific data or procedures were not available, reasonable assumptions 
were incorporated. For example, the Alternative | air quality impact assessment 
assumed that all CBM wells would go into production (no dry holes), then oper- 
ate at full production levels (no shut-ins) for about 7 years, with an overall 20- 
year life of project (LOP). Potential direct project, indirect, and cumulative air 
quality impacts were analyzed to predict maximum potential near-field ambient 
air pollutant concentrations and potential hazardous air pollutant (HAP) impacts, 
as well as to determine maximum far-field ambient air pollutant concentrations, 
visibility, and atmospheric deposition (acid rain) impacts. The methodologies 
used to predict and interpret potential air quality impacts are described in the Air 
Quality appendix (Appendix F). 


Air pollution impacts are limited by state, tribal and federal regulations, stan- 
dards, and implementation plans established under the CAA and administered by 
the applicable air quality regulatory agencies (including the WDEQ — Air Quality 
Division [WD’ }-AQD] or the EPA). Although not applicable to the develop- 
ment alternatives, the Departments of Environmental Quality for Montana, South 
Dakota, and Nebraska have similar jurisdiction over potential air pollutant emis- 
sion sources in their respective states, which can have a cumulative impact with 
WDEQ-AQD approved sources. Air quality regulations require proposed new, or 
modified exist'»g air pollutant emission sources (including CBM compression 
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facilities) to undergo a permitting review before their construction can begin. 
Therefore, the applicable air quality regulatory agencies have the primary author- 
ity and responsibility to review permit applications and to require emission per- 
mits, fees, and control devices, prior to construction and/or operation. The U.S. 
Congress (through the CAA Section | 16) also authorized local, state, and tribal 
air quality regulatory agencies to establish air pollution control requirements 
more (but not less) stringent than federal requirements. Additional site-specific 
air quality analysis would be performed, and additional emission control meas- 
ures (including a BACT analysis and determination) may be required by the ap- 
plicable air quality regulatory agencies to ensure protection of air quality. 


In addition, under both FLPMA and the CAA, BLM cannot authorize any activ- 
ity which does not comply with all applicable local, state, tribal, and federal air 
quality laws, statues, regulations, standards, and implementation plans. An exten- 
sive air quality impact assessment technical support document was prepared to 
analyze potential impacts from the development alternatives, as well as other rea- 
sonably foreseeable emission sources, and is available for review (Argonne 
2002). 


federally enforced legai requirements to ensure air pollutant concentrations will 
remain within specific allowable levels. These requirements include the NAAQS 
and WAAQS which set maximum limits for several air pollutants, and PSD in- 
crements which limii the incremental increase of certain air pollutants (including 
NO», PMyo, and SO,) above legally defined baseline concentration levels. These 
legal limits were presented in Table 3—12. 


Where legal limits have not been established, BLM uses the best available scien- 
ufic imformation to identify thresholds of significant impacts. Thresholds have 
been identified for HAP exposure, incremental cancer risks, potential atmos- 
pheric deposition impacts to sensitive lakes, and a “just noticeable change™ in 
potential visibility impacts. 


impacts Common to All Alternatives 


Aw quality impacts would occur during construction (due to potential surface 
disturbance by earth-moving equipment, vehicle traffic fugitive dust, well testing, 
as well as dniling mg and vehicle engine exhaust) and production (including non- 
CBM well production equipment, booster (field) and pipeline (sales) compres- 
sion engine exhausts). The amount of air pollutant emissions during construction 
would be controlled by watering disturbed soils, and by air pollutant emission 
limitations imposed by applicable air quality regulatory agencies. Maximum con- 
struction impacts from fugitive dust (24 hour PM,») are estimated to be 55 yg/m’. 
about one third of the applicable WAAQS. Actual air quality impacts depend on 
sions sources, as well as meteorological conditions (wind speed and direction, 
precipitation, relative humidity, etc.). 


The HAP impact analysis was based on a maximum assumed six-unit reciprocat- 
ing compressor engine station, applicable for all proposed Alternatives, as de- 
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scribed in the Air Quality appendix (Appendix F). Since neither the WDEQ- 
AQD nor EPA have established HAP standards, predicted 8-hour HAP concen- 
trations were compared to a range of 8-hour state maximum Acceptable Ambient 
Concentration Levels (EPA 1997a). Formaldehyde was the only HAP predicted 
to exceed even the lowest threshold level. The maximum predicied cumulative 8- 
hour formaldehyde impact was 11.9 yg/m’, which is within the threshold range 
of 4.5 g/m’ (Pinnelias County Air Pollution Coatrol Board, Florida) to 71 pg/m’ 
(State of Nevada, Division of Environmental Protection, Air Quality Control). 
The maximum formaldehyde concentration was predicted to occur at 85 meters 
(less then 300 feet) adjacent to a compressor station; as the distance from the 
emission source increases, the predicted concentrations decrease rapidly. 


Further analysis was conducted to determine the possible incremental cancer-nsk 
over a 70 year lifetime for a most likely exposure (MLE) to residents, and to a 
maximally exposed individual (MEI), such as compressor station workers. These 
cancer nsks were calculated based on the maximum predicted annual concentra- 
tions, EPA’s unit risk factors for carcinogenic compounds (EPA 1997b), and an 
adjustment for time spent at home or on the job. This analysis assumed that resi- 
dential exposure would be 20 years (well over the national nine year average du- 
ration a family lives at a residence) and worker exposure would be 20 years (the 
full LOP). In addition, it was assumed that farnily members would be exposed to 
the maximum formaldehyde concentrations 64 percent of the day, and to 's of 
this concentration for the remaining 36 percent of the day. 


The resulting incremental cancer risks were calculated to be 1.6 x 10° (MLE) 
and 2.2 x 10° (MEI). Both of these values fall near the lower end of the | to 100 

x 10° threshold. The MLE and MEI cancer risks would fall below this threshold 
inet tibeemenertenteeutebnenses, cenetied This distance 
would be even less for smaller compressor stations. 


When reviewing the predicted near- and far-field impacts, it is important to un- 
derstand that assumptions were made regarding potential resource development. 
emissions, meteorology, atmosphenc transport and chemistry. and atmosphenc 
deposition. For example, there is uncertainty regarding ultimate development 
(number of wells, equipment to be used. specific locations of wells, etc). 


The following assumptions were used in the analysis: 

> Total predicted short-term air pollutant impact concentrations were as- 
sumed to be the sum of the assumed background concentration, plus the 
predicted maximum cumulative modeled concentrations, which may oc- 
Assumed background air pollution concentrations were assumed to occur 
throughout the 20-year LOP at all locations in the region, even though 
monitoring is primanly conducted in urban or industnal areas, rather 
than rural areas. The uniform background PM,» levels for each state are 
assumed to be representative of the background conditions for the entire 
modeled area of the PRB, based on monitoring data gathered throughout 
northeastern Wyoming and southeastern Montana. 
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The maximum predicted air quality impacts occur only in the vicinity of 
the anticipated emission sources. Actual impacts would likely be less at 
distances beyond the predicted pomts of maximum impact. 

All emission sources were assumed to operate at their reasonably fore- 
seeable maximum emission rates simultaneously throughout the LOP. 
Given the number of sources included im this analysis, the co-probability 
of such a scenario actually occurring over an entire year (or even 24- 
hours) is small. 

In developing the emissions inventory and model, there is uncertaimty re- 
garding ultimate development (i.e., number of wells, equipment to be 
used, specific locations, etc.) Most (90 percent) proposed CBM wells 
and 30 percent of conventional wells were assumed to be fully opera- 
tional and remain operating (no shut ins) throughout the LOP. 


The total proposed booster (field) and pipeline (sales) compression en- 
gines were assumed to operate at their rated capacities continuously 
throughout the LOP (no phased increases or reductions). In reality, 
compression equipment would be added or removed incrementaily as re- 
quired by the well field operation, compressor engines would operate be- 
low full horsepower ratings, and it is unlikely all compressor stations 
would operate at maximum levels simultaneously. 

The HAP analyses assumed a 9,900 horsepower, six-unit, reciprocating 
compressor engine station would operate at full load and at maximum 
emission levels continuously throughout the LOP. 

The emissions inventory and model use peak years of construcnon and 
peak years of operations, which would not occur throughout the entire 
development region at the same time. However, it is possible that condi- 
tions close to this could occur in some isolated areas. 

The emissions inventory and model assumed a NO, emission rate for 
compressor engines of 1.5 g/hp-hr in Montana and 1.0 g/hp-hr in Wyo- 
ming. Since BACT is decided on a case-by-case basis, actual emission 
rates could be decided to be less or more than this level by the Depart- 
ments of Environmental Quaiity in Wyoming or Montana, and on Indian 
lands by EPA, for field and sales compressor engines. Actual NO, emis- 
sion rates may range from 0.7 to 2 g/hp-hr. 


There are no applicable local, state, tnbal or federal acid deposition stan- 
dards. In the absence of applicable standards, the acid deposition analy- 
sis assumed that a “limit of acceptable change@ is: a 10 percent change in 
acid neutralizing capacity (ANC) for lakes with a background ANC 
greater than 25 peq/l; or a | peq/l change in ANC for lakes with a back- 
ground ANC less than 25 peq/1, and would be a reasonably foreseeable 
analysis assumed no other ecosystem components would affect lake 
chemistry for a full year (assuming no chemical buffering due to interac- 
tion with vegetation or soil materials). 

The visibility impact analysis assumed that a | .0 dv “just noticeable 
change” would be a reasonably foreseeable significant adverse impact, 
although there are no applicable local, state, tnbal or federal regulatory 
visibility standards. However, some FLMs are using 0.5 dv as a screen- 
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> Mitigation measures are included im the emissions inventory and mode! 
that may not be achievable in all circumstances. However, actual mitiga- 
tion decided by the developers and local and state authorities may be 
greater or less than those assumed in the analysis. For example, main- 
taining a construction road speed limit of 15 mph may be reasonabie in a 
construction zone but difficult to enforce elsewhere. Full (100%) mitiga- 
tion of fugitive dust from disturbed lands may not be achievable. Fur- 
ther, 50 percent reduction in fugitive emissions is assumed based on con- 
struction road wetting on the unimproved access road to the pad and at 
the pad, but this level of effectiveness is characterized as the maximum 
possible. Wetting was assumed for maintenance traffic, which is not 
likely to occur, but this is considered to be a small effect because of lim- 
ited traffic. 

> Induced or secondary growth related to increases in vehicle miles trav- 
eled (VMT) (believed to be on the order of 10 percent overall) is not in- 
cluded in the emissioas inventory and model. Not all fugitive dust emis- 
sions (including county and other collector roads) have been included in 
the emissions inventory and model. 

>» Fugitive dust emissions from roads are treated as area sources rather than 
line sources im the model, which may thereby reduce or increase the pre- 
dicted ambient concentrations at maximum concentration receptor points 
near the source, depending on the inputs to the model (meteorology, ter- 
rain, etc.) By not placing modeled receptors close to emission sources 
(e.g. wells and roads), the model may not capture higher ambient concen- 
trations near these sources. A more refined, regulatory modei may yield 
higher concentrations at locations near fugitive dust sources. 

>» For comparisons to the PSD Class I and I! increments, the emissions in- 
ventory and model included only CBM and non-project sources. Other 
existing increment consuming sources such as Campbell County coal 
mines were not included in this comparison, as the air quality analysis 
does not represent a regulatory PSD increment consumption analysis. A 
regulatory PSD increment consumption analysis needs to identify and 
consider all PSD increment consuming sources to determine the level of 
PSD Class II mcrement consumption. Monitoring data in Wyoming has 
indicated an upward trend in PM concentrations in Campbell County 
since 1999, which coincides with CBM development but is also exacer- 
bated by prolonged drought in the region. 


Grven these assumptions, the predicted impacts represent an estimate of potential 
air quality impacts. 


It is umportant to note that before actual development could occur, the applicable 
eee Senne oeetennn SS Seen, Ge ee EON) RENE anes 
eeesensiiin Gi quilte tageds, he gut ef Gas pum thgentine «2 wees 
size), the air quality regulatory agencies could require additional air quality im- 
pacts analyses or mitigation measures. Thus, before development occurs, addi- 
tional site-specific air quality analyses would be performed to ensure protection 
of aur quality. 
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impacts from Temporary Generation 


The exact number of temporary natural gas and diesel generators for compressor 
stations cannot be predicted, but at any one time there may be as many as 400 


tors are shown m Table 4-87. Table 4-83 shows the potential ground-level con- 
centrations resulting from operation of these temporary generators. 
Table 4-87 Emission Factors for Temporary Generation 


Pollutant Emission Factor Range (g/hp-hr) 
Carbon monoxide 0.3 -2.0 

Oxides of nitrogen 0.7 -1.5 

PM: ; 0.03 — 0.07 

Sulfur dioxide 0.002 

Volanle orgamic compounds 0.5- 1.0 


Formaldehyde 0.05 — 0.2 


Alternative 1 

Potential direct project air quality impacts would not violate any local, state, 
tribal, or federal air quality standards under Alternative |. Based on extensive air 
quality modeling of potential direct project air quality impacts (Argonne 2002), 
localized short-term increases in CO, NO, PMjo, and SO, concentrations would 
occur, but all maximum concentrations are expected to be below applicable 
SO, concentrations are expected to be below applicable PSD Class II increments 
(Table 4-89), and all maximum far-field direct project concentrations are ex- 
pected to be below applicable PSD Class | increments (see Appendix F). 


Table 488  §§Near-Field Concentrations from a Single Temporary 


Generator 
LE 


Concentration Range WAAQS 

Pollutant Averaging Time (wg/m') (wg/m’) 
Carbon monoxide |-hour $5.3 — 403.1 40,000 
8-hour 33.2 — 242.9 10,000 
Nitrogen dioxide Annual! 19-75 100 
Annuai 1-04 15 
Sulfur dioxide 3-hour 02-04 1,300 
24-hour 0.09 — 0.3 260 
Annua! 0.007 — 0.013 60 

BESTCOPY AVAILABLE SES 
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Although potential direct project umpacts to evem the most sensitive far-field 
lakes would not be significant, a “just noticeable change” in visibility was pre- 
dicted to occur at eleven mandatory federal Class | areas, ranging up to five days 
at the Washakie Wilderness Area. The maximum potential direct project visibil- 


ity impacts were predicted to occur on 20 days per year on the Crow Indian Res- 


Pollutant Time gem) gem’) ag’) ae’) age’) a) aor’) ag) 
NO: "Aanual ; 3 10 3s i? a) 100 Too 
SO. Annuai <] <t l 20 3 4 ou 80 
24 heur 2 D4 3 91 s bl 260 305 
3 hour 3 5 $ S12 8 13 1.300 1300 
PRhy Annual 3 I i7 17 2 Ww ww 
24 hour BAI] 9 RI 8 42 73 1s tse 
Pw Annual 2 1 2 % 10 1s 15 
24 hour 1o 9 24 is 43 65 65 
CO % hour |S p24 156 1500 1.656 10,000 10.000 
\_hour 23 142 24 3500 3.724 0 
Notes. 


|. Non-Proyect sources include CBM sources in Montana. 
2 The comtmbubons trom euch source represent inaxuma and do nut oecessanly vecur at the same locanun. Therefore. che (tai 
cuncentraiiens wil not the sum of the monitored and } concentrations. 


Alternative 2A 


Potential direct project air quality impacts would not violate any local, state, 
tribal, or federal air quality standards under Alternative 2A. Based on extensive 
air quality modeling of potential direct project air quality impacts (Argonne 
2002), localized short-term increases in CO, NO,, PM)», and SO, concentrations 
would occur, but al] maximum concentrations are expected to be below applica- 
ble NAAQS and WAAQS. All maximum near-field direct project NO», PM), and 
SO, concentrations are expected to be below applicable PSD Class II increments 
(Table 4—90), and ali maximum far-field direct project concentrations are ex- 
pected to be below applicable PSD Class | increments (see Appendix F). 


Although potential direct project umpacts to even the most sensitive far-field 
lakes would not be significant, a “just noticeable change” in visibility was pre- 
dicted to occur at 10 mandatory federa! Class | areas, ranging from one day at 
two areas up to four days at both the Bndger and Washakie Wilderness Areas. 
The maximum potential direct project visibility impacts were predicted to occur 
on 16 days per year within both the tmbal designated PSD Class | Northern 
Cheyenne and the PSD Class Il Crow Indian Reservations. A detailed description 
of the air quality impact analysis is presented in the Air Quality appendix (Ap- 
pendix F). 
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il 3 

Ait 

4 
4 
i 


NO» Annuai ry 

S»- Annuai <t <i i] uw > on w 
24 qwur 2 2 > yw ’ i "~ fos 
3 hour > $ 5 sz s i ie ie 

PM, Annus 3 ! 4 i? a? 2 ww ww 
24 hour i? 4 Ba.) oT] 2 7 iso i 

PMp 5 Anmual 1 ? 2 s 0 is is 
24 hour 3 SI iz is a as os 

co % hour a3 124 132 ise te oe 10,000, 
| hour is 142 197 3s 3,7 BALL 30.00) 

Notes: 


|. Non-Prayect sources include CBM sources in Muntama. 
2 The commbunons trom each source represemi mvuma and do nut ceceseaniy secur at the saeme locaton. Therefore. tite wvtai 
wail of the 


Alternative 2B 


Potential direct project air quality impacts would not violate any local, state. 
tribal, or federal air quality standards under Alternative 2B. Based on extensive 
air quality modeling of potential direct project air quality impacts (Argonne 
2002), localized short-term increases in CO, NO,, PMjo, and SO, concentrations 
would occur, but all maximum concentrations are expected to be below applica- 
ble NAAQS and WAAQS. Ali maximum near-field direct proyect NO», PM) and 
SO, concentrations are expected to be below applicable PSD Class Il increments 
(Table 4-91), and all maximum far-field direct project concentrations are ex- 
pected to be below applicable PSD Class | increments (see Appendix F). 


Although potential direct proyect umpacts to even the most sensitive far-field 
lakes would not be significant, a “just nouceable change” in visibility was pre- 
dicted to occur at nine mandatory federal Class | areas, ranging from one day at 
three areas up to four days at the Washakie Wilderness Area. The maximum po- 
tential direct project visibility impacts were predicted to occur on [4 days per 
year within the tribal designated PSD Class I Northern Cheyenne and the PSD 
Class Il Crow Indian Reservations. A detailed description of the air quality im- 
pact analysis ts presented in the Air Quality appendix ( Appendix F). 


Table +91 Maximum Potential Near-Field impacts from Wyoming 
Alternative 2B (with Meatana Alternative E) 


Averaging a oo 


m m m 

NO, Annual a) ; a I? 
SO. Annuai <} <! 1 2 3 4 ao w 

24 hour z z ; 9 s bl Oe 64365 

3 hour 3 45 5 $12 8 13 ae 
PM. Antuai ; i 4 i? i? 20.72 o «@ 

24 hour is 9 2s w 42 67 48 se 150 
PM. Annuai I i 2 4 9.97 iS wes 

24 hour tl 9 8 is 38.03 6S 65 
co % hour 77 124 124 1.500 1.624 10,000 «610,000 

| fwour LS? 142 170 3300 3,670 40.000 WW 
Notes. 


| Non-Project sources inciude CBM sources in Montana. 
2 pt NN A NN A ET ES ee Er the total 
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Potential direct project aur quality umpacts would aot viciate any local. state. 
tnbal, or federal air quality standards under Alternanve 3. Based on exiensive air 
quality modeling of potential direct project air quality umpacts (Argonne 2002), 
localized short-term increases in CO, NO, PMio, and SO, concentrations would 
occur, but all maximum concentrations are expected to be below applicable 
NAAQS and WAAQS. All maximum near-field direct project NO», PM), and 
SO, concentrations are expected to be below applicable PSD Class [I increments 
(Table 4—$2), and all maximum far-field concentrations are expected to be below 
applicable PSD Class | increments (see Appendix F). 


Aithough potennal direct project impacts to even the most sensitive far-field 
lakes would not be sigmficant, a “just noticeable change” in visibility was pre- 
dicted to occur one day per year at the mandatory federal Class | Bndger, Fitz- 
patrick and Washakie Wilderness Areas. The maximum potential direct project 
visibility umpacts were predicted to occur on |0 days per year on the Crow Indian 
Reservation. A detailed descripnon of the air quality impact analysis is presented 
im the Air Quality appendix ( Appendix F). 


m m rr m) 
NO, Aanuai 3 3 6 23 1? 23 100 100 
SO. Anmuai <I <! <! 2 ; 3 o w 
24 hour ! Ls 2 ey $ 10 200 30S 
3 hour : 453 $ $12 $ 13 1.300 1,300 
PM. Annual ! 0.36 2 i? i? 19 0 ST) 
24 hour ? 9.34 lo 0 42 8 150 150 
PM. Annual <t a7 I $ 9 is 1s 
24 hour 5 4.55 13 i9 32 05 65 
co $ hour 163 123.98 183 1,500 1.083 wo 10,000 
| hour 261 144.72 261 3.500 3,761 40.000 += 40,000 

Notes: 


|. Non-Prayect sources include CBM sources in Wontana. 
2 The cuntmbutons from each source represent maxima and do net nevessan/y occur at the sare locaton, Therefore, the total 
concentrations w:il noi the sum uf the momiored and conventravions. 


Cumulative impacts 


Based on a separate assessment predicting potential far-field cumulative air qual- 
ity mpacts (Argonme 2002), the EPA CALMET/CALPUFF dispersion model 
system was used to predict maximum potential air quality umpacts at downwind 
mandatory federal PSD Class | areas, and other sensitive receptors, to: |) deter- 
mine if the WAAQS, NAAQS or PSD Class | increments might be exceeded: 2) 
calculate potential nitrate and sulfate atmospheric deposition (and their related 
impacts) in sensitive lakes: and 3) predict potential impacts to visibility (regional 
haze). 


Meteorological iformanon was assembied to charactertze atmospheric transport 
and dispersion from several data sources, including: |) 4 km gridded wind fieid 
values derived from the MMS (mesoscale model) with continuous four- 
dimensional data assimilation; and 2) hourly surface observations (wind speed. 


- all 
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humidity. and precipitation). 


non-project sources to determine the total potential cumulamve air quality im- 

.. This included potential cumulative sources from the Montana Statewide 
Draft Ou and Gas EIS sources. The range of potential cumulative impacts corre- 
spond to including either the Montana Alternative A (low) or the Montana Alter- 
nanve B/C/E (high) emission sources. 


As desenbed above, potential CO and NO, emissions from reasonably foresee- 
able booster (field) and pipeline (sales) compressor stations, as well as PM,;, 
PM», and SO, emissions from construction equipment, were analyzed to predict 
potential maximum near-field PSD Class LI umpacts, as weil as potential far-field 
umpacts at 29 mandatory federal PSD Class | and other sensitive areas located in 
Wyomung, Montana, North and South Dakota, and Nebraska (Argonne 2002). 
Total concentrations are expected to be im compliance with applicable W AAQS 
and NAAQS (see Appendix F). Table 4-93 presents the maximum predicted air 
pollutant concentrations at specified PSD Class | areas. 


Table +93 Maximum Predicted PSD Class | Area Cumulative Far-Field 
Impacts (in »g/m3) Alternative | (Prepesed Action) 


Maximum 
Averaging Modeled Conc. PSD 
Poilutant Penod Class | Area (Cumulanve) Class | Increment 
Nitrogen dioxide Annuai Northern Cheyenne Reservaton 42 25 
PM. 24-hour Northern Cheyenne Reservation 12.8 8 
Northern Cheyenne Reservanon 
Annuai b.7 4 
Sultur dioaude 3-hour Northern Cheyenne Reservation 5.1 25 
Absaroka-Beartouth 
24-hour Wiiderness 24 5 
Northern Cheyenne %eservanon 


Under all four Alternatives (1, 2A, 2B, and 3), potential non-project and cumula: 
tive annual NO2 concentrations (ranging from 4.1 to 4.2 wg/m') were predicted 
to be above the PSD Class | increment (2.5 ug/m’) within the Northern Cheyenne 
Reservation. Under all four alternatives, potennal proyect and cumulative 24-hour 
PM» concentrations (ranging fiom 10.7 to 12.8 wg/m"*) were above the PSD 
Class | increment (8 ug/m') within the Northern Cheyenne Reservation. Under 
Alternatives |, 2A, and 2B, cumulative 24-hour PM)» concentrations (ranging 
from 8.5 to 9.2 wg/m’) were also predicted to be above the PSD Class | increment 
(8 wg/m’) within the Washakie Wilderness Area. As described in the Air Quality 
Appendix (Appendix F), other PSD Class | areas had predicted far-field umpacts 
below applicable increments. All PSD Class Il areas had predicted far-field im- 
pacts below applicable PSD increments. This NEPA analysis compares potential 
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aur quality impacts from the proposed Altemat:ves to applicabie ambient air qual- 
ity standards and PSD increments, but compamnsors: to the PSD Class | and II in- 
crements are intended to evaluate a threshold of concern for potential impacts, 
and do not represent a regulatory PSD Increment Consumption Anaivsis. Even 
though most of the development activines would occur within areas designated 
PSD Class fl, the potential umpacts on regional Class | areas are to be evaluated. 
For a pew source review air quality permit appiicanon for 2 major source, the 
applicable air quality regulatory agencies may require a regulatory PSD incre- 
ment analysis. More stringent emission controls beyond BACT may be supulated 
im the air quality permut if umpacts are predicted to be greater than the PSD Class 
| or Li increments. 


Several lakes within four FS-designated wilderness areas were identified as being 
sensitive to atmospheric deposition and for which the most recent and complete 
data have been collected. The FS has also wdenntied the followiwng Limit of Ac- 
ceptabie Change regarding potential changes in lake chemistry: no more than a 
10 percent change in ANC for those water bodies where the existing ANC is at or 
above 25 weq/L; and no more than a one weq/L change for those extremely sensi- 
tive water bodies where the existing ANC is below 25 weq/L. 


Based on a Rocky Mountain Region FS screening method (FS 2000), Table 4-94 
demonstrates that potential impacts to most sensitive lakes would be below ap- 
plheabie significance thresholds. However, under all four Alternatives (1, 2A, 2B, 
and 3), potential non~project ANC umpacts (1.3 weq/L)were predicted to exceed 
the 1.0 weg/L mmpact threshold at the very sensitive Upper Frozen Lake within 
the PSD Class | Bridger Wilderness Area. Cumulative ANC impacts ranged from 
1.6 to 1.8 weq/L. Nearly 12 to 27 percent of these impacts are due to direct con- 
tributions from Alternatives |, 2A, 2B, and 3 alone. In addition, under Alterna- 
aves | and 2A cumulative ANC umpacts (up to 10.7 percent) were predicted to 
exceed the 10 percent impact threshold at the Florence Lake within the PSD 
Class li Cloud Peak Wilderness Area. Nearly 29 and 27 percent of these impacts 
are due to direct contributions from Alternatives | and 2A, respectively. Potential 
impacts at ail other sensitive lakes (and under all Alternatives) were below the 
ANC threshold levels. No sensitive lakes were identified by either the U.S. De- 
partment of the Interior (USDI) National Park Service (NPS) or USFWS. 


Since the development of the project and non-project air pollutant emission 
sources constitute mamy smail sources spread out over a very large area, discrete 
visible plumes are not likely to affect the mandatory federal PSD Class | areas, 
but the potential for cumulative visibility impacts (increased regional haze) is a 
concern. Regional haze degradation is caused by fine particles and gases scatter- 
ing and absorbing light. Potennal changes to regionai haze are calculated in terms 
of a perceptible “just noticeable change” (1.0 dv) in visibility when compared to 
background corditions. 
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Table 4-94 Predicted Tetei Cumulative Change im Acid Neutralizing 
Capacity at Sensitive Area Lakes (percent change} 


$655 VSE6 


a. ‘The background conceniranun is Dased on only A samples aken on four days Detween | 997 
aod 2001. 

b. Since the background ANC value is less than 25 weq lL. the potential ANC change is 
eapressed in wey L. and the applicabie threshuid is une wey L 


oe eee 


A |.0 dv change 1s considered a smail but nvaceabie chamge im haziness as de- 
scmbed in the Preambie to the EPA Regional Haze Regulations (Federal Regrster. 
Vel. 64 No. 126, dated July |, 1999). A 1.0 dy change is defined as about a 
10 percen’ change in the exnnction coefficient (corresponding to a 2 to 5 percent 
change in contrast, for a black target agaist a unifonm sky. at the most optically 
sensinve distauce from an observer), which 1s a small but aoticeabie change in 
hazimess under most circumsiances when viewing scenes within mandatory fed- 
eral Class | areas. 


it should be noted that a |.0 dv change is not a “just nomeeable change” im all 
cases for all scenes. Visibility changes less than |.0 dv are likely to be percepte- 
ble in some cases, especially where the scene bemg viewed ts highly sensitive to 
small amounts of pollution, such as due to preferennal forward light scattenng. 
Under other view-specific condimors, suc. as where the sight path to a scemic 
feature 1s less than the maximum visual range. a change greater than |.0 dv might 
be required to be a “just noticeabie change.” 


However, tus NEPA analysis ts not designed to predict specific visibility im- 
pacts for specific views im specific mandatory federal Class | areas based on spe- 
cific proyect designs. but to charactenze reasonably foreseeable visibility condi- 
uons that are representanve of a fairly broad geograpine region, based on reason- 
able emission source assumptions. Thrs approach is consistent with both the na- 
ture of regional haze and the requirements of NEPA. At the time of a pre- 
tory agency may require a much more detailed visibility umpect analysis. Factors 
such as the magnitude of dv change, frequency, ume of the year, and the mete-~ 
orological conditons during umes when predicted visibility umpacts are above 
the 1.0 dv threshold (as weil as the modeling analyses assumptions) should all be 
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considered when assessing the significance of predicted impacts. 


The FS, NPS, and USFWS have published thew Final FLAG Phase | Report 
(Federal Register, Vol. 66 No. 2, dated January 3, 2001), providing “a consistent 
and predictable process for assessing the umpacts of new and existing sources on 
AQRVs” including visibility. For example, the FLAG report states “A cumula- 
uve effects analysis of new growth (defined as all PSD increment-consuming 
sources) on visibility impairment should be performed,” and further, “{f the visi- 
source growth, is less tham a change im extinction of 10 percent | !.0 dv] for ail 
ume periods, the FLMs will not likely object to the proposed action.” Although 
the FLAG procedures were primartly designed to provide analysis guidance to 
PSD permit applicants, the following analysis uses the Final FLAG Phase | Re- 
port procedures for this NEPA analysis. 


Based on multiple iteranons of the non-steady state CALPUFF dispersion mode!- 
ing system, including the CALMET meteorological model, for four different de- 
velopment alternatives, potentiai cumulanve visibility impacts esumated by the 
seasonal FLAG screening method exceeded the impact thresholds (including the 
use of FLAG and WDEQ-AQD provided background extinction values) at all 29 
sensinve areas analyzed. Therefore. potential maximum visibility umpacts were 
estimated using the daily FLAG refined method (based on hourly optcal extinc- 
tion and relatve humidity values measured at two IMPROVE monitoring loca- 
nons) for each Class | and Class LI sensitive area. Although the potential modeled 
impacts for each sensitive area were based on 1996 MMS regional meteorology. 
these values were compared to hourly opucal extincnon and relative humidity 
data collected at two locations in the Project Area between 1989 and 1999. 


For example. since the |.0 dv threshold was predicted to be reached within the 
mandatory federal PSD Class | Washakie Wiidermess Area based on the seasonal 
FLAG screening methodviogy. the maximum modeled cumulative umpacts at that 
area were also compared to representanve hourly optical and relative humidity 
values measured at Bndger Wilderness Area between |989 and 1999 using the 
daily FLAG refined method (Table 4-95). The range of impacts was then sum- 
marized as the maximum annual average number of days predicted to equal or 
exceed a 1.0 dv “just noticeable change” (Table 4-96). Table 4-97 shows pre- 
dicted visibility impacts in Class | Areas using the daly FLAG refined method. 


The prediction of potential visibility impacts based on the daily FLAG refined 
badsiney waite na fw ae ions ix led to disc! 
potential air quality impacts of the Proposed Action and Alternatives on the Af- 
fected Environment to the public and decision maker before an action is taken. It 
is not intended to be an air quality regulatory analysis. Such analysis would be 

conducted by the appicabie air quality regulatory agencies. 
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Table 4-95 Predicted Visibilit, Impacts in the Mandatory Federal PSD 
Class | Washakie Wilderness Area from Direct Alternative 
Seurces - Daily FLAG Refined Method (Average Number of 
Days per Year Predicted to Equal or Exceed a 1.0 dv “Just 


Noticeadie Change”) 
Altemative 1989 1996 1991 1992 1993 1994 1995 1996 1997 1998 1999 
I 4 2 ? 6 4 7 4 6 ? 2 6 
2A 2 2 6 $ 4 6 4 $ $ 1 4 
2B I 2 6 $ 3 6 4 + 5 1 3 
3 I 0 4 3 l L z z 2 0 0 
Note: 


Potential cumulative visibility umpacts were predicted using daily background optical and relative humidity 
conditions for cach of the years listed abeve. 
Source: Angenne 2002 


Table +96 Predicted Visibility impacts in Class | Areas — Daily FLAG Refined Method 
(Average Number of Days per Year Predicted to Equal or Exceed a 1.0 dv “Just 


Class Area Alt Alb2A Alb 28 Aln3 — Cnn Sousees 
Badiands Wilderness Area’ 3 3 0 13 to 17 1% to 28 
Bridger Wilderness Area 4 4 3 I Tw? 8 to 2 
Futzpatnck Wiiderness Area 4 3 3 I 6m9 $ to 12 
Gaites of the Mtns Wilderness Area Q 4) 0 0 3to4 3w4 
Grand Teton National Park i I 0 0 oS 408 
North Absaroka Wilderness Area 4 3 2 0 Sto 13 bit is 
Red Rock Lakes Wilderness Area 0 0 0 0 Oto | Ow} 
Scapegoat Wilderness Area 0 0 0 0 22 23 
Teton Wilderness Area 3 3 2 Q 6°? Tw tl 
Theodore Roosevelt NMP* (North Unit) 0 0 0 0 bt! bto3 
Theodore Roosevelt NMP> (South Umit) i ) 0 0 bt} 2w? 
U.L. Bend Wilderness Area I 0 405 Sw 8 
Washakie Wilderness Area 5 4 4 i 10 to 14 i2 tw 18 
Wind Cave National Park 4 3 2 0 i? w 21 22 w 28 
Yellowstone Nabonai Park 3 2 l 0 Sto tl 9 to 13 
Northern Cheyenne Reservaton 17 16 14 ? 27 w 82 33 w 92 
Notes: 


b. U.S. Congress designated the Wilderness Area portion of Badlands National Park as a mandatory federal PSD Class | area. The remain- 
der vi Badlands National Park is 4 PSD Class II area, 

2 NMP - Natonal Memorral Park. 

3. Although the Northern Cheyenne Reservation ts 4 tnbai designated PSD Class | Area. it 's not a mandatory federal PSD Class | area subject 
to EPA's Regronal Haze Regulations. 

Non-Proyect Sources - The impact of ail air pollutant emission sources not included in Alt |, Alt ZA, Alt 2B or Alt 3. »nciuding the Montana 
“Powder Rover Basin Oil and Gas Project” DEIS sources. The range of potential annual average days above a |. dv “just noaceabie change” 
in visibility corresponds to including Montana Alternative 4 (low) to Montana Alternative BYC’E (high). 

Cum Sources The unpact of ail cumuiatve air peilutant emission sources combined, including the Alt |, Alt 2A, Alt 2B. Alt 3, and Non- 
Project Sources, including the Montana “Powder River Basin Onl and Gas Project” DEIS sources. The mange of potential annual average days 
abeve a |.0 dv “yust noticeable change” in vissdility correspunds to. inciudingNon-Projyect, Wyormny Altemaive + and Montana Altemaive 
A sources (low); up to includimyProyect, Wyoming Alternative | and Montana Alternative BCE sources (high). 

Source: Argonne 2002 
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Table 4-97 Predicted Visibility Impacts in Class | Areas — Daily FLAG 
Refined Method (Maximum cumulative deciview change) 
A 


Alternative 

Class | area I 2A 2B 3 
Badlands Wildermess Area 10.91 10.67 10.43 9 44 
Bridger Wilderness Area 13.28 12.67 12.21 11.15 
Fitzpatrick Wilderness Area 16.57 15.83 15.21 14.01 
Gates of the Mtns Wilderness Area 14.99 14.61 14.22 13.17 
Grand Teton National Park 6.95 6.67 6.44 5.8 
North Absaroka Wilderness Area 14.89 14.12 13.51 12.21 
Red Rock Lakes Wilderness Area 2.85 2.75 2.67 2.37 
Scapegoat Wilderness Area 9.89 9.58 9.35 8.55 
Teton Wilderness Area 14.59 13.97 13.46 12.38 
Theodore Roosevelt NMP” (North Unit) 3.65 3.46 3.29 2.75 
Theodore Roosevelt NMP- (South Unit) 4.62 4.37 4.14 3.51 
U.L. Bend Wilderness Area 29.05 27.97 26.97 24.01 
Washakie Wilderness Area 24.79 23.82 22.96 21.48 
Wind Cave National Park 9.05 8.81 8.59 8.06 
Yellowstone National Park 12.79 12.19 11.59 10.25 


Northern Cosyenne Reservation’ 54.75 52.8 $0.71 45.02 


It is important to note that before actual development couid occur, the applicable 
air quality regulatory agencies (including the state, tribe or EPA) would review 
specific air pollutant emissions pre-construction permit applications that examine 
source-specific air quality impacts. As part of these permits (depending on source 
size), the air quality regulatory agencies could require additional air quality im- 
pacts analyses or mitigation measures. Thus, before development occurs, addi- 
tional site-specific air quality analyses would be performed to ensure protection 
of air quality. For further mitigation information see the air quality appendix. 


Mitigation 


Through the analysis, several potential mitigation measures were identified to 
avoid, reduce, or minimize adverse effects to various resources. The BLM and 
FS can require these measures for leases with federal land surface and federal 
minerals and non-federal land surface and federal minerals (split estate). These 
are new measures in addition to mitigation measures that have been carried for- 
ward from the Wyodak FEIS and ROD and the Wyodak Drainage EA and Deci- 
sion Notice and are included in Appendix C. and Appendix M. Any of the fol- 
lowing mitigation measures may be adopted by the decision makers. Those 
measures adopted by the decision makers will be disclosed in the ROD. Those 
adopted will be added or will replace or revise the mitigation measures already 
identified in the programmatic mitigation plan. 


Groundwater 


1. Concems exist about the interaction between reservoirs and shallow 
groundwater. At impoundment locations, it may be necessary to conduct 
investigations at representative sites around the basin to quantify impacts 
of water infiltration and lateral movement. Shallow groundwater wells 
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would be installed and regularly sampled in areas where it has been de- 


termined during pre-construction that class | groundwater may be af- 
fected by infiltration or potential for lateral movement exists. 


Surface Water 


2. 


3. 


Channel crossings by pipelines would be constructed so that the pipe ts 
buried at least four feet below the channel bottom. 

Channel crossings by road and pipelines would be constructed perpen- 
dicular to flow. Culverts would be installed at appropriate locations for 
streams and channels crossed by roads as specified in the BLM Manual 
9112-Bndges and Major Culverts and Manual 911 3-Roads. Streams 
would be crossed perpendicular to flow, where possible, and all stream 
crossing structures would be designed to carry the 25-year discharge 
event or other capacities as directed by the BLM. 

Disturbed channel beds would be reshaped to their approximate onginai 
configuration andggtabilized by appropriate means. 

Areas where natural springs are present. operators would be required to 
identify, inventory, and monitor these springs as part of their water man- 
agement plan development. 

Concerns regarding the quality of the discharged CBM water for irmga- 
tion use May require operators fo increase the amount of storage of CBM 
water during the irmgation months and allow more surface discharge dur- 
Concerns regarding the potential for discharges of CBM water to reach 
the main stems would be minimized by locating discharge outfalls higher 
in ephemeral and intermittent drainages or near the dramage divide. 


Land application of produced water has the potential to produce nega- 
tive, long term impacts to so physical and chemucal properties if not 
properly managed. Proposals to land apply CBM produced water on fed- 
eral projects must include the following information as part of the ex- 
ploratory and or permanent water management plans: 
Site characterization. The site charactenzation must include field 
investigations of soils and vegetation. The site would be descnbed in 
detail, and soil samples would be collected and analyzed to deter- 
laboratory analysis and location of proposed application sites Photo 
documentation of the site would be included. Laboratory analysis of 
produced water would also be included with the site characterization 
study 
Project descripnon. The project descnption must include the pro- 
posed methods) of water applicanon. apphcaton rates and schedules 
and physical lavout of apphcat. vn areas. Compicte maps of the ap- 
phcation infrastructure would be mcluded Details on amy soul or wa- 
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ter amendments thai would be used or physical soil manipulations 
that would be planned. Project descriptions would demonstrate that 
land application is feasible given the results of the site characteriza- 
hen. 

be required of the operator to assure that negative impacts are not 
sampling and laboratory analysis. 

Winter operations: Detail practices that would be used to prevent the 
bunidup of ice on the soil surface dumng sub freezing temperatures. 
Mitigation Pian. A plan must be developed which outlines mitiga- 
tion measures that would be implemented by the operator in the 
event negative souls or vegetation impacts are detected during routine 
moaitoring. Potential mitigation measures might include, but not be 
lumated to, soil or water amendments, physical manipulation or vege- 
tative treatments. 

These critena are general in nature. and must be adjusted to site- 
specific conditions. Detailed soil sampling cntena have not yet been 
developed. so proyect proposals will be evaluated or a case-by-case 
basis durmg the iter. More specific guidance requirements may 
be forthcoming as the result on ongomg, research and coordination. 

9. The Compames would segregate soul hormzons dumng excavation of all 
redistribution of soils. 

10. The Compames would test sediments deposited in impoundments before 
reclaaming the impoundments. Tests would incluue the standard surtte of 
cateons, 1ons, and nutnments that would be monitored in surface water test- 
mg and amy trace metals found in the CBM discharges at concentrations 
exceeding detectable lunits. 


Cultural Resources 


11. The Companmes would conduct (BM development m and around the 
Crazy Woman Battlefield in a way that preserves the cligibslity of the 
sate for pomumaton to the Nabonal Register of Histone Places Approvals 
of APDs and PODs would require pnor coordmanon with the SHPO and 

BLM’ s archacologrsts. 

12. Fer development within 0.5 mule esther sade of the Bozeman Trail, com- 
pames would conduct evaluation of segments to determune thew cingibe- 
ity to the Nabonal Regrster of Histone Places Mitiganon of adverse im- 
pacts to segments of the wail that contributes to its chigrtvhty for the 
NRHP would be determaned on a case-y -casc basis 

13 Showid human remams be uncarthed dumng Comstructon. procedures out. 
leaned om the human remarm. pian | Appendn |) would be followed 


14 Ata mempemum. aii areas of proposed ground drsturteng activ it) would be 
macnsivelhy wnventoned for cultural resowrcoes. mm Conformance with man 


mal BLM Class il! survey standards at the APD. POD of Sundry Nonoe 
phase of cach proposed federsi undermking for CBM weil ficids or 
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PODs, a block survey of the entire project area early in the planning 
phase is highly recommended by the BLM and is required by the FS. All 
sites within the proposed project area must be evaluated for eligibility to 
the NRHP. 


Specific plans for avoidance and protection or minimization of adverse 
direct or indirect effects would be recommended for any historic proper- 
tes within the areas of potential effect of proposed project activities. 
Pnor to implementation. these plans must be approved by the BLM or 
FS, as appropriate, SHPO, and, if applicab<, by the private surface 
owner. Such plans might include, but are not limited to the following 
constraints, sttpulations, or actions: 


» Relocation, redesign or constraint of project facilites and imfrastruc- 
ture to avord or menumuze earth disturbance within histone properties 
or contnbuting portions of histome properties, or to avoid or mini- 
muze indirect effects or intrusions caused by vibration. dust, exhaust. 
or norse. This may include barncading or fencing of sensitive areas 
and buffer zones. 

» Relocation, redesign, or constraint of project facilites and infrastruc- 
ture to avord Of minimize visual imtruszon on a sensitive histone. tra- 
ditional. or relhgrous setting. This might include low profile facilines. 
non-intrusive co/ors. landscaping. berms. screenig with vegetation. 
or other measures ‘0 minimize visual impact. 

» Stabshzanon of sedtnents, bedrock. or structures that could be desta- 
bahzed. or could de txnorate, as a result of nearby project activites 
and wdennficanon of an appropnate buffer zune. 

» Restnchon or preventon of access to sensitive areas. 

» Rehabiitanon of Duridings or structures. or protectrve screemng of 
art work to minimize detenoranon. 

» Detailed documentanon. possibly including archival photodocumen- 
tation. of contmbutung structures, landscape features. or aspects of 
hestome setting that cannot feasrbty be avorded. In some cases it may 
be feasible to restore some of these contnbuting features after con- 
struction has been completed. 

» Detaled recordamen or data recovery of the essennal contnbunng 
etements of a hrstomc property that cammot be avowed or protected 
Recordation may inctude archival. documentary. and contextual re- 
search related to the hestome property im addibon to suite documenta- 
wen Data recovery ss the systematic recovery of data maportant in 
hestory of prehestory for whch the property s considered cingibic 
Data recovery for prehsstonc of hrstomc archacologscal sates typically 
enmtants cxcevanon of buned matenais and detailed documemtanorn of 
stratigraphic comtext 


Vegetation 


1S Commpames would be required to cube! an micgrated pest management 
plan ( Append N) as a component of the APD and POD approval proc- 
ess The components of the imtegrated pest management plans are cut- 
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lined in the BFO CBM APD and POD Preparation Guide. Companies 
would need to contact County Weed and Pest offices to ascertain infor- 
mation about weeds im the area of their APD or POD. Mitigation would 
be determined on a site-specific basis and may include such measures as 
leaving infested areas. 

16. Any mulch and seed used for reclamation needs to be certified weed free 
and current year’s tested. 

17. Weed educational matena!l wouid be reviewed with operators during pre- 
owners and would also be attached to approved APDs and PODs. 


Wetiand/Riparian 


18. To protect the biological and hydrologic feastures of mpaman areas. 
woody draws, wetlands. and floodplains. al! wel! pads. compressors. and 


other non-linear facslnes would be located outside of these areas. 


19. The Companies would inventory and map mpanan areas that cannot tol- 
erate year-round inundation of root zones im the area of cach APD or 
POD. Facthmes to handle the water discharged from CBM wells would 
be developed to avoid mundanion of these mparian areas. 

20. Crossings of wetland mpanan areas by linear features, such as prpelines. 
roads. and power lines would be avouded to the extent practicable. Where 
cTussings cannot be avowed. umpacts would be minimized through use of 
the following measures. 


> 


"Road ey 


Site-specific minganon plans would be developed dumng the 
APD. POD, or Sundry Nonce approval process for al! proposed 
disturbance to wetland mpanan areas. 

Crossings would be constructed perpendicular tw wetland 
mpanan areas. where practical 

For power limes. the mumimum number of poles necessary to 
cross the area would be used. 

Wetland areas would be disturbed onl) dumng dry condimons 
(that rs. durng late summer or fail). or when the ground is frozen 
dunng the winter, 

No waste matenal would be deposited below fogh water lines in 
npanan areas. flood plamms. or in natural Uraimage wavs. 

The lower edge of sos! or other mater! stockprles would be ie 
cated outsade the acty< floodpiam 

Doihng mud prs would be located outsade of mpanan areas. wct- 
lanus. and floodpiams. « here practical 

Destarbed channcis would be me-shaped w ther ongmal 
configuranoe and property stadeivred 
Rectamapon of disturbed wctland mpanan arcas wowkd Doge 
mmmedhatch after propect acti es are Compicte 
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21. 


For amy surface-disturbing activities proposed im sagebrush shiublands, 
the Companies would conduct clearance surveys for sage grouse breed- 
ing activity during the sage grouse” s breeding season before initiating the 


22. The Companies would locate compressor stations so that noise from the 


' 
ri 


25 
26. 


stations at any nearby sage grouse or sharp-tailed grouse display grounds 
does not exceed 49 decibels (16 dBA above background noise) at the 


display ground 


. The Companies would construct power limes to mimimuze the potential 


ing the lines, avoiding areas of high avian use (for example, wetlands, 
praime dog towns. and grouse leks), and imcreasing the visibolity of the 
sedividual cond 


. The Companies would locate aboveground power lines, where practical, 


at least 0.5 mile from amy sage grouse breedimg or nesting grounds to 
Power poles within 0.5 mile of amy sage grouse breeding ground would 
be raptor-proofed to prevent raptors from perching on the poles. 


. The Compames would locate ummpoundments to avoid sagebrush shrud- 


lards. where practical. 

Containment impoundments would be femeed to exclude wildlife and 
hvestock. If they are not fenced. they would be designed and constructed 
to prevent entrapment and drowning. 


27. The Companies would iumit the construction of aboveground power iines 


near streams. water bodies. and wetlands to mmmumuze the potential for 
waterfow | collsding with power hnes. 


Aquatics Species 
28. in ponds developed where the primary objective ss as a fishery. water 


v4 


31 


quality would be sampled by the Companies on an annual basis for sele- 


mum, TDS. salmity. temperature. pH. dissolved oxygen. and sodrum b:- 
carbonate 


_ The Compames would fence mpoundment: @ areas that are developed 


for fishenes to exclude lnvestock. if agreed upen with the landowner 


would be conducted on an annual basis. Servevs would include no less 
than ome stream reach above all CBM discharges and several stream 
reaches below CBM discharges. Where momstorimg occurs. a station 
would be placed above ali CBM outfalls and ome below all CBM out- 
falls. at least on main stems. 


Sub-watersheds that would recerve CBM produced waters and would be 
monstored for macrounvertedrates and fr<> popuisnors include | pper 
Tomgue River, Upper Powder River. Sak Creek. Crazy VY oman Creek. 
Clear Creek. Middle Powder River. Litie Powder River. Antelope 
Creek, Upper Cheyenne River. and Upper Belle Fourche River. Sam- 
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pling sites would be established at existing flow and water quality moni- 
tormg stations where possible. Sampling would occur on an annual basis 
during low-flow penods, and ail data collected would be entered into a 
central database. Collected data may include species occurrence, species 
ures. Fish samples may be collected and submutted for chemical analysis. 
Results of this analysis could be used to evaluate specific analyte con- 
centrations in fish ussues and appropnate toxicological benchmarks. At 
least two sampling locations per stream or mver would be established in 
these watersheds: 


+ 


a 


Upper Tongue River — (1) between the Wyoming/Montana border 
and below all CBM discharge pots; and (2) above CBM discharge 
pounts. 


Upper Powder River — (1) above Clear Creek at confluence; (2) 
above Crazy Woman Creek at confluence; (3) below Sait Creek at 
confluence, and (4) below other tmbutanmes that may contnbute flow 
to the Upper Powder River. 


Salt Creek — (1) above Upper Powder River at confluence: and (2) 
above CBM discharge points. 


Crazy Woman Creek — (1) abowe Upper Powder River at confluence: 
(2) above CBM discharge pots. and (3) below other trbutanes that 
may contmbute flow to Crazy Woman Creek. 


Clear Creek — (1) abowe Upper Powder River at confluence: (2) 
above CBM discharge pownts: and (3) below other tmbutaries that 
may contribute flow to Clear Creek. 


Middle Powder River - (1) between the Wyoming Montana border 
and below all CBM discharge points. and (2) below confluence of 
Upper Powder River and Clear Creek. 


Litthe Powder River - (|) between the W yoming Montana border and 
below all CBM discharge pots; (2) above CBM discharge pounts. 
and (3) below other tnbutanes that may contribute flow to the Little 
Powder Rover. 


Antelope Creek — (1) between eastern boundary of the Project Area 
and below all CBM discharge poms. (2) above CBM discharge 
powts. and (3) below other tibutanes that may contribute flow to 
Antelope Creek. 


Upper Cheyenne River — (|) between eastern boundary of the Project 
Area and below all CBM discharge pomnts. (2) above CBM discharge 
pounts. and (3) below other trbutanes that may contribute flow to the 
Upper Chevenne River. 


Upper Belle Fourche River — (1) between Campbeill/Crook County 
hme and below ali CBM discharge pots. (2) above CBM discharge 
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pots, and (3) below other tnbutanes that may contnbute flow to the 
Upper Belle Fourche River. 


>» A minimum of 2! sates (as above) would need to be sampled on an 
annual basis to monitor aquatic health within the Project Area. 


Threatened, Endangered, or Sensitive Species 


32. The Compames would conduct clearance surveys fur threatened, endan- 


gered or other special-coacern species at the optimum time. This would 
require coordinaton with the BLM before November | annually to re- 
view the potential for disturbance and to agree on inventory parameters. 


Bald Eagle 


33. Im the event that a bald eagle (dead or injured) is located during construc- 


35. 


tion or operation, the USFWS” Wyoming Field Office (307-772-2374) 
and the USFWS’ Law Enforcement Office (307-261-6365) would be no- 
ufied within 24 hours. 


. Site-specific project areas would be evaluated for suitable bald eagle 


nesting and roosting habitat pmor to permit approval. Suitable nesting 
habttat ts any mature stand of conifer or cottonwood trees in association 
with rivers, streams, reservours, lakes or amy significant body of water. 
Suitable roosting habitat is defined as amy mature stands of comfer or 
cottonwood trees. 

The BLM would monmtor all take of bald eagle habitat associated with 
the preferred alternanve. The actual measurement of disturbed habitat 1s 
the responsibility of BLM but can be delegated to BLM’ agent (cuonsult- 
amt, contractor, etc.) A written summary would be provided to the 
USFWS” Wyoming Field Office semi-annually. The semi-annual report 
would include field survey reports for endangered. threatened. proposed 
and candidate spectes for all actions covered under the Environmental 
Impact Statement (EIS) for the Powder River Basin Oil and Gas Project 
and ROD. The semt-annual reports would include all achons completed 
up to 30 days pnor to the reporting dates. The first report would be due 
6 months after the segning of the ROD and on the anniversary date of the 
signing of the ROD. Reporting would continue for the life of the project. 


. The BLM would monitor all road-assoctated carcasses, jackrabbit sized 


and larger. along project ( operator-maimtaied ) roads. 


. All power lines would be built to protect raptors, including wintering 


bald eagles, from accidental electrocuf.on using methods detailed by the 
Avian Power Lime Interaction Committee ( | 996). 


38. Special habitats for raptors, including wintering bald eagles, would be 


identified and considered durwng the review of ihe APD/POD or Sundry 
Notices. 


39. Surveys for active bald eagle nests and winter roost sites would be con- 


ducted within suitable habitat by a BLM approved biologist. Surface dis- 
turbing activities would not be permitted within one mile of suitable 
habitat pror to survey completion. 
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40. A minimum disturbance-ffee buffer zone of 0.5 mile (i.c.. no surface 
occupancy) would be established year-round for al! bald eagle nest sites. 
A seasonal minumum disturbance-free buffer zone of one mile would be 
estabhshed for all bald eagle nest sites (February |5 — August 15). 

41. A seasonal minimum disturbance-free buffer zone of | mile would be es- 
tablished for ail baid eagle winter roost sites (November | — April |). 
These buffer zones and ming may be adjusted based on site-specific in- 
formation through coordination with. and written approval from, the 
USFWS. 

42. Within 2 mile of bald eagle winter roost sites additional measures such 
as remote monitomng and restncting maintenance visitahon to between 
9:00 and 3:00 may be necessary to preveni disturbance (November | — 
April !). 

43. Maximum design speed on all operator constructed and maintained roads 
would not exceed 25 miles per hour to minimize the chance of a collision 
with a bald eagle, other wildlife, or livestock. 

44. Addinonal mitigation measures may be necessary if the site-specific pro- 
ject ts determined by a BLM biologist to have adverse effects to bald ea- 
gies or thew habitat. 


Bilack-footed Ferret 


45. Site-specific proyect areas would be evaluated for suitable black-footed 
ferret habitat prior to permit approval. Suitable habitat consists of a 
black-tailed pramme dog town or complex greater than 80 acres (USFWS 
1989). A praime dog town is a group of intact praine dog holes whose 
density exceeds 8 burrows/acre: a complex consists of two or more 
newhbornng praime dog towns each less than +.34 miles (7 kilometers) 
from the other (USFWS 1989). 

46. Praine dog colonies would be avoided wherever possible. 

47. if sustable praine dog colonies cannot be avoided, surveys would be con- 
ducted in compliance with the USFWS guidelines (USFWS 1989). The 
entire colony or colony complex affected would be surveyed. even if part 
of the colony has a burrow density below eight per acre. 

48. If amy biack-footed ferrets are located, the USFWS would be consulted. 
Absolutely no disturbance would be allowed within praime dog colonies 
unhabited by biack-footed ferrets. 

49. Additional matigaton measure may be necessary if the site-specific pro- 
ject is determined by a BLM biologist to have adverse effects to black- 
footed ferrets or their habitat. In the event that a mountain plover ts lo- 
cated during construction or operation, the USFWS” Wyoming Field Of- 
fice (307-772-2374) and the USFWS’ Law Enforcement Office (307- 
261-6365) would be nonfied within 24 hours. 


Mountain Piover 


oF 


50. Site-specific project areas would be evaluated for suitable mountain 
plover nesting habitat pnor to permit approval. Flat areas of short-grass 
praine or low shrubs with a prevalence of bare ground characterize suit- 
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able mountain plover nesting habitat. Typicaily the vegetation height is 
less than 4 mches, and bare ground is greater than 30 percent. 

5t. The BLM would monitor all take of mountain plover habitat associated 
with the preferred alternative. The actual measurement of disturbed habi- 
tat is the responsibility of BLM but can be delegated to BLM” agent 
(consultant, centractor, etc.) A written summary would be provided to 
the USFWS” Wyomung Field Office semi-annually. The semi-annual re- 
port would include field survey reports for endangered, threatened, pro- 
posed and candidate species for all acnons covered under the Environ- 
Project and ROD. The semi-annual reports would include all acnons 
completed up to 30 days pror to the reporting dates. The first report 
would be due 6 months after the signing of the ROD and on the anniver- 
sary date of the signing of the ROD. Reporting would continue for the 
life of the proyect. 

$2. No ground-disturbing activities would occur in suitable nesung habitat 

: prior to surveys for nesang @ountain<piovers conducted in complignce 
with the USFWS” Mountain Plover Survey Guidelines (USFWS 2002). 
A BLM approved biologist would conduct the surveys. Once occupied 
mountain plover nesting habitat ts located, the BLM would reimntiate sec- 
non 7 consultanon with the USFWS on any project-related activites 
proposed for such habitat. The amount and nature of ground-disturbing 
activities would be lumited within identified nesting areas in a manner to 
avoid the abandonment of these areas. 

. Operators and the BLM would be provided by the USFWS with educa- 

tonal maternal Ulustraung and descnbing the mountain plover. its habitat 

to incidental take of eggs, chicks, or adults with requirements that these 
matenals be posted in common areas and circulated in a memorandum 
among all employees and service providers. 

54. A disturbance-tree buffer zone of 0.25 mile would be established around 
all mountain plover nesting locanons between March |5 and July 31. 
$5. Proyect-related features that encourage or enhance the hunting efficiency 
of predators of mountain plover would not be constructed within ‘4 mile 

of known mountain plover nest sites. 

56. Construction of ancillary facihwes (for example, compressor stanons, 
processing plants) would not be located within ': mile of known nesnng 
areas. The threats of vehicle collision to adult plovers and thesr broods 
would be mummmized, especially within breeding aggregation areas. 

$7 Where possible. roads would be located outside of plover nesting areas. 
Maximum allowed travel speed om roads within '2 mile of identified 
plover nesting areas would not exceed 25 mph from March |5 and July 
31. 


$8. Maximum design speed on ail operator-constructed and maintained reads 
would not exceed 25 miles per hour. 

59. Work schedules and shift changes would be set to avoid the penods from 
30 minutes before to 30 minutes after sunmse and sunset dumng June and 
July, when mountain plovers and other wiidhfe are most active. 


‘sh 
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: 60. The BLM would monitor all road-associated carcasses, jackrabbit sized 


ol. 


and larger, along project (operator-mamtained) roads. The presence of 
Creanon of huntimg perches or nest sites for avian predators within 0.5 
mule of ident: fied nesting areas would be avoided by burying powerlines, 
using the lowest possible structures for fences and other structures and 
ae » inhibitinn devices into their desi 


62. Capped and abandoned wells would be identified with markers oo taller 


63. 


than four feet with perch inhibiting devices on the top to avoid creation 
of raptor hunting perches within 0.5 mile of nesting areas. 
Reclamation of areas of previously suitable mountain plover habitat 
would include the seeding of vegetation to produce suitable habitat for 
mountain plover. 


Ute Ladies’-tresses Orchid 
64. Site-specific proyect areas would be evaluated for suitabie Ute ladies - 


65. 


tresses orchid habitat pnor to permit approval. Suitable habitat ts charac- 
terized by moist souls near springs. lakes. or perennial streams. most oc- 
currences are in alluvial substrates along mpanan edges, grave! bars. old 
oxbows, and moist to wet meadows im the floodplains of perennial 
streams (USFWS 1995). 

Suitable habitat would be avoided wherever possibile. 


66. If suitable habitat for Ute ladies’-iresses cannot be avoided, surveys 


67. 


would be conducted im compliance with USFWS standards (USFWS 
1995) by a BLM approved biologist or botanist. Surveys can only be 
conducted between July 20 and August 31. 

Muist sotls near wetlands, streams, lakes. or springs in the project area 
would be promptly revegetated if construction activities impact the vege~ 
tation in these areas. Revegetation would be designed to avord the estab- 
hshment of noxious weeds. 


. Companies operating in areas dennfied with weed imfestamens or suit- 


able Ute ladies - tresses orchid habitat would be required to submit ar in 
tegrated pest management pian pnor tw APD approval. The components 
ot the integrated pest management piams are outlined in the CBM APD 
and POD Preparanen Guide. Mingaton would Se determined on 4 site- 
pnor to entermg areas and washing vehicles before leaving infested ar- 
eas. Infestanon areas of noxious weeds have been identified through the 
county Weed and Pest Distncts and are availabie at the Buffalo BLM of- 
fice. 


Transportation 


69. 


The Compames would use gravel, water. or other dust suppressors, as 
needed, to reduce dust associated with facility access roads. Compamres 
would contact the counmmes to ascertain the procedures to de followed. 


70. The Compames would provide georeferenced spenal data depicting as- 


bualt locanens of all facthnes. wells. roads. pypelimes. power limes, reser- 
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vous, discharge pots, and other related facilites t© the BLM upon 
completion of POD cunstruction and development. 

7t. Companies would contact the ccunties to pursue development of maunte- 
nance agreements to ensure ¢ouaty roads are adequately maimtained for 
the proyected increase in use. 


Visual Resources 


72. The Companies would complete the following measures, where practi- 

73. With the designated VRM Class Il cormdors along Interstate 90 and 
State Highway 14, all project facilimes om BLM surface would be 
screened compiete!y frum these highways. 

74. The Companies would mount lights at compressor stamens on a pole or 
building and direct them downward to Uhumuinate key areas within the fa- 
city while menumizing the amount of lnght proyected outside the facility 


7S. Increase the distance between a CBM facility and an existing s0ise- 
sensitive receptor As shown in the analysis, mowe decreases by 6 dBA 
with every doubling of distance from a source. For instance. if the nowe 
were 65 dBA at 100 feet from a CBM source. the nose would decrease 
w 39 dBA at 200 feet from the source and to 47 dBA at 800 feet from the 
source 


76. Nowe mufflers would be installed on the exhaust of compressor engimes 
w reduce the exhaust noise. 


77. Where nowe umpects to sensitive receptors are an issue, noise levels 
would be required to be no greater than SO decrdeis measured af a dis- 
tance of one-quarter mile from the appropmate beoster | field) compres- 
». Ths may require the installanor of an electncal compresser motors 
at these locations. 


78. Nose can be reduced by construction of obstacies wm the direct path from 
the moe source w a recerver. These ostacies cam be ughtivy spaced 
wood fences (ne gaps in the wood panels), comerete fences. earth berms. 
structures, or naturally occurring halls. Care must be taken even with a 
uyghtly spaced wood femee. Even with a smail opeming between the ind- 
veduai slats om a fence can allow a pathway for nose © propagaic 
through the opemmmyg im fact. the noise can actually de enhanced through 
4 smail opening because the avtse energy 1s Channeled through the open- 
img To mumgate this prodiem. wood fences are generally constructed 
with two faces with the slats on one face overlapping the adjacent face. 
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Cinapte, 4 — cowronmenta Consequences 


Air Quality 
A number of minganon opneons for CBM are part of WDEQ’s normal regulatory 
provedure. For instance, in the permstting of compressors, the agency always re- 
ques the application of BACT. The theory here is simply that given the air re- 
source available. within technological and financial feasibility. the number of 
operanons that can be allowed is maxnumized. 


79. Durmng construction, emissions of particulate matter from well pad and 


resource road cunsiruction would be minumized by applicanon of water. 
or other dust suppressamts, with af least 50 percent control efficiency. 
employ dust abatement procedures on reads within the Proyect Area. 
However, roads and wel! locators censiructed on suis suscepubdle to 
wind erusion could be aporopmately surtaced to reduce the amount of fu- 
gimve dust generated by waffic or other activities, and dust inhibitors 
(surfacing matenais, non-salime dug qppressagis. and water) could be 
used as necessary on unpaved collector. local amd resource roads that 
present a fugitive dust probiem. 

A vanety of potenmal emassien reduction measures (BLM | 999d) are 
available to further lmat NO, and other air pollutant emissious. The 
evaluahon was not intended to rank or dentfy a requitcd emission re- 
duction measure. the appropnaie level of control would be determined 
Dre-CoMsiruchon permit process. 

BLM would alse ceahaue to cooperate with using visibility and at- 
mosphere deposimon impact momtoring programs. The need for. and the 
design of, addymnonai monitomag could inciude the involvement of the 
EPA Regwo 38 Federal Leadership Forum and applicable air quality regu- 
latory agencies. Based upon future recommendations, operators could be 
reguired to couperafe in the implemeniaiun of a coordinated air quality 
monitonng program. Ou and gas lease terms (Secon 6) require the les- 
see, within the lease mgihts gramted. to take measures deemed necessary 
by the lessor for the conduct of operations in 4 manner that minum+zes 
adverse impacts to air quadtty. as weil as other resources. 


SU. Tabie + 9% and Tabie + 98 below present meigaben opbons for particu- 
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Chapter 4 — Emaronmentai Consequences 


Table 4-98 Fugitive Dust Mitigation Measures (PM10), Effectivesess 
and Cost 


Opuens tor ail disturbed ‘ands (Wo attain Madiize: enforce 
Dy certain Ome certaan speed |immit 
(Te- vegetabon ; percent 

moisture: 

Effecuveness Level propermenalto 0. 50% 33 to 100% 80% for 3% 90% 
percentage of ‘and «= seduction m control iSmph reduchen reducton 
cuver uncentroiied effimency 65% for 

dust 20 mph 
Missin 75% fer 
0 mph 
Estumated Cost Sacre o00rmic $2,000 © Unknown $9,000/;mie 3§)),000w 
$4,000) mie $60.U00/ mie 
| per year 
Note 


! 
2 Wetting of comstruchon roads dung the construction pened. Wetting of constructron roads nut required for 
ome 4 munth mamionance imps to well pads. 


3 eee 


Table +99 = Nitregen Oxides (NO,) Mitigation Measures Efficiency 


Typically resuits ina = P'ypacaily results wm a 
NO, comission rate of «= NO), emssion rate of 


about | ybag-he__about |_y/bip- 


Unavoidable Adverse Effects 


The sections below descmbe the unavoidable adverse effects identified dunng the 
analysis. 


Groundwater and Surface Water 


Unavoidabie adverse effects to groundwater and surface water would occur. 
These effects include the long-term removal of water from the coal aquifers as 
they are depressunzed by the wells. The volume of water im other aquifers would 
be increased through infiltramon and injection. The quality of surface waters 
would change im response to the discharges of CBM produced water and distur- 
ances of sous and vegetation throughout the Project Area. 


® > 
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Chapter 4 — Environmenta/ Consequences 


Air Quality 
Some increase in air pollutant emissions would occur as a direct result of the de- 
velooment alternatives; however, based on the “reasonable, but conservative” 
modeling assuinptions, these direct impacts are predicted to be below applicable 
significance thresholds. 


Vegetation 


Unavoidable direct and indirect adverse effects would occur under each of the 
three alternatives. The extent of disturbance would be essentially equivalent for 
Alternatives | and 2, but would be half the magnitude for Alternative 3. Areas 
disturbed under each alternative would be subject to a high potential for invasion 
of noxious weeds and would require substantial effort to prevent and contro! the>r 
spread. Restoration of biodiversity in disturbed areas would require an extended 
period and would likely be a function of the spread of native plant species from 
outside of disturbed areas, a tume-consuming process that can be severely delay ed 
by invasions of noxious weeds. Vegetation types providing crucial wridiite hab»- 
tats would not likely be replaced for an extended penod. potentially causing ad- 
verse effects to wildlife. 


Wetiand/Riparian Area 


Unavoidable direct and indirect adverse effects would occur under cach of the 
three alternatives. The extent would be essentially equivalent for Alternates | 
and 2, but about half the magnitude for Alternative 3. The primary adverse om- 
pact would be alteration of wetland rypanan areas by discharge of produced ( BM 
water During production. wetland mpanan areas arc likely to expand. atthough 
increased water flow may also result im increased levels of crosson or sodemen! 
denosition. causing adverse impacts As water production decreases toward the 
end of the proyect. wetland mpanan areas would comiraci. returning to pre-proyect 
sizes. Areas of excessive crosion or sediment deposition may Cease to function a 
wetland mpanan areas Al! of these changes in the cxten! of wctiand mpanar a 
cas would provide opportunities for aggressive species onciuding Poe Bed 
to invade disturbed arcas 


Unavordable adverse cflects would aocuw under cach of the tow altormatrwes The 
types of umpacts would be the same for cach amermatec Th. mach of Ahern 
uve } would be substantially wmaiier than for the other three alternate «tt 
would be semiiar m magnitude “he poman difference Seteoes aterm 
the amount of impacts from «ater handheng methods The cuter of amas cada 
adverse impacts would be greatest ander Alternat ve 24 fediewod Mm Aer « 
“K Ahermate: | and Alternat: ' Wcidivic hata wowkd te Gopraded ex or 
fragmented Derect martahm of evidivic hecawer of humteng paactemg. octet 
oolbsrom power imme collmaam of power lm clecthemem wom? moroO®, 
Harasemen and drpiacemer eoawld coow Moonee Of moroeec® heme act 
wes Habeas cflectrvenes sutrimome! ashe am copeadact Moore of hy 
game acces would decreas | apt” Gwe «ok Groom COR” prebuct: 
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ity along roads Raptor predanen on upiand game and other wiidhiic specees 
would increase Waterfow! wouk! be adversely affected by cxposure to hagh icy 
ets of salts and metals in containment reservors The pogwiaton of mam gprocee 
would dectince 


Threatened, Endangered, or Sensitive Species 


Unavordabic adverse cflects wo spocesl-state eiidhiic and plant pec. sould 
eocur under cach of the alternatwes Effect w pecuai-stemm eridhic qrocm & 
clude joss of foraging and acstimg habetatn harassment and Geptacemen of md 
\iduals and wun of moral w mdnedwah | ap cedatic advom chat & 
weci-siates plan poo mchade desturfamc of mdi dns) phen. toe of ae 
adic habatat and omtradechon of wread of mouse soo @ hatetsh corte & 


wre ia! tates plant 


Land Uses 
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rowaitemg trom mom oteffa amd Gee gemermad t Bx prow” eclmit oetactes 
and cQuapence: prema Guru Comma ter cig act mac 6 ete the Peewee 
Arce 


Transportation 
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Land Use Planning and Decision-Making for 
Management of Oil and Gas Resources 


BLM RMPs 
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Al cach step. appropnate protective measures would be deveicped as part of the 
NEPA analyses and Decome mingatimg measures attached as COA to individual 
peramts and suthoriwzanens. These COA may be aftached to the permit or may be 
swbentted woth the apphcant s proposal as an integral part of the appicanoe 
They provade the most ste-specific prosecnve measures of the muin-step authon- 
zamee process. These COA must be yusnfied m the appropnase NEPA document. 
COA must be comsstent wath te lease nghts granted The menu of possidie 
COA can be changed as seoessary t acheeve the desured lewe! of resource protec- 
nee proved they ae @ conformance with the RMP gvals and objectives. See 
Agpends C for the curreat COA. 


Gendance fe ool and ge muamagemest actuimes @ the BRO s anasladic trom 
several scwvoes fe 1ORS_ he BRO compicted a2 RMP. wheckh wchudes land usc 
goss tor Ge Bi Madimemestered putin land and federal muneral esta = thie 
BFOA BLM (RS) Ae apdeeed Goucrnpeee of custeg management for the 
Rufino 20)” won oompkeesd @ Apml 2801(BLM 2001b) The RMP wchades 
RMCTORD Kerns CUMOETRemg oF amd ga capursmon and Gx chopment act.) 
me chad: ..gedstoms © Oc applied to icancs 


Senor Ghee Wwendek ( cal Bed Methane Propect ETS. approwed Nowemiter 17 | 
amd the WB vondak Ornemage bo comemerts Acumen fA) approved March of. 
MD oe amd gap operation feed Seer coQugted & Empomee TengaPoR mesure 
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Papier 5 — Lana Use Planning, Pan Conformance ang Proposed Pian Amenaments 


admumstered by the Douglas Ranger Disimct of the Medicine Bow-Routt Na- 
nonal Forests. Ou and gas leasing and development activities on National Forest 
System lands within the TBNG are allowed, subdject to the lumutations imposed by 
the ROD for the 200! LRMP for the Medicine Bow National Forest and TBNG 
(FS 2002). Actors proposed within the TNBG must conform w the management 
goais within the LRMP (FS 2001a). 


The FS has released a ROD, Revised LRMP. and FEIS for the TBNG (July 
2002). East of the coal outcrop line new leasing decisions are included in the July 
2002 ROD. That decision deferred new orl and gas leasing decisions on the area 
west of the coal outcrop ime unnl the cumulanve effects of CBM development 
could be disclosed m this FEIS. Currently, the area west of the coal outcrop line 
is available for leasing under the 1994 ROD for Ov and Gas Leasing on the 
TBNG (FS 1994). Once the cumulanve effects analysis contained im this FEIS is 
availabie. the FS will make new oul and gas leasing decsions for the area west of 
the coal outcrop line on the TBNG. 


The FS ts using the analysis documented in the Revised LRMP FEIS and im this 
FEIS w make two new leasing decisions for the area with CBM development 
potential on the TBNG. That area is defined as the TBNG area west of the Wyo- 
dak cual outcrop line. The first decision is whether lands im the Proyect Area are 
“wvailable™ or “not available” to lease and. if swailable. the conditions under 
which they are available [36 CFR 228.102 (@)) If lamds are determined w be 
“avanlable™ for leasing, then a second decision must be made regarding those 
lands: whether to authomze BLM to offer leases at this ume. or to defer author: 
canon unml some future ume The determmanon of the specific lands to be 
leased ss the “Leasing Decision “or Specific Lands” (36 CFR 228.102 (e}). 


Leasimg analysis. as required by 36 CFR 228. was conducted dumng both the 
|\934 and more recent 2002 Northern Great Plamms analyses. Both of these analy - 
ss dev cloped many special smpulanons to protect Wennfied resources within FS- 
admenesstered lands. The FS will welude a decison on whether or not to umpie- 
mem the supulisnons wennfied im the leasing analysis Conducted for the 2002 
Revsed LRMP w the ROD resulting fom this FEIS. In addinon, the "(> will 
imiude 2 decrace oa supulanons and forest pian standards and guidelines aeeded 
‘© oMprernent muhgson measures Wennfied in ths FELIS: 


The FS abso has a pered approach w analyzing umpects and making decisions 


about on anal gas leang and development. The FS oil and gas leasing decision 
process s Codsfied « regudanens at 36 CFR 228. 


The first decusen s to determune We lands admmumistratve!y 4 aladic tor icasing 
% CFR 228 102 1d) Lands adrmamstranvely avarabic and not adminsstranvely 
avasladtc are Getermuncd m acoondamce wath a Leasumg Anaiyus desxcnbded 
% CFR 228.102 ic) whch wechedes he dennficanue of neces wy constramts 
\jcasemg sapwianons) The government grants ao nghts %© oth parhes when the 
Lcammg Asalyss s compicted and the admmmstranve!y sanladic decor s 
Ta 


The scoued decemen os the loaseng Gecesem for specefic lands (36 CFR 128. 102 
co, Ths Gecewen suthomzcs BLM w offer specifi “FS lands for leave Trans- 
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muttal of the specific lands decision occurs when the FS has received and re- 

viewed a request for a lease parce! report from BLM. The regulanons umpiement- 

ing the Leasing Reform Act require the followimg before BLM can be authorized 
to offer NFS lands for lease: 

1. Verifying that oil and gas leasing on the specific lands has been adequately 
addressed in a NEPA document and is consistent with the LRMP. 

2. Ensuring that conditions of surface occupancy identified im the Leasing 
Analysis are properly included as stipulanons in resulting leases. 

3. Oetermining that operanons and development could be allowed somewhere 
on each proposed lease, except where stipulaneons prohi i surface occu- 
Panicy. 

For both the administratively available [36 CFR 228.102 (d)} and the leasing 

specific lands [36 CFR 228.102 (e)] decisions, the leasing analysis was prmarily 

conducted in the FEIS for the Revised TBNG LRMP. approved July 31, 2002. 

the disclosure of the cumulative effects of CBM in this FEIS. 


Prior to actual drilling or subsequent oil and gas operations, a SUPO will have to 
be approved covering those activities. As part of the review of the SUPO, the 
authorized officer must comply with NEPA (36 CFR 228.107). idennfied site- 
specific mitigation measures will be attached to the SUPO as conditions of ap- 
proval. 


Pian Conformance 


Conformance with the RMPs 


The management dectsior.s documented in the two BLM KMPs regarding o1! and 
gas resources provide for the continued availability of the federa/ lands and min- 
eral estate for the development of federai ot! and gas resources. Implementing the 
Proposed Action or amy of the alternatrves would be wn conformance with the oi! 
and gas decisions in the BLM RMPs. 


The full set of resource management dectssons documented m the RMPs repre- 
sents a companbie biend of land uses. The RMPs for the BFO and CFO doceu- 
ment BLM's decrszen to allow for development of o:! and gas on federal leases as 
well as to ke a vanety of achons related to other resource values aad uses. The 
NEPA analyses tor the RMPs recognize the effects of one land use on the other 


Thess FEIS analyzes the social, cconomec and cevironmental cffects on a vanety 
of resourses und land uses. including those addressed om the currem: RMIPS. of a 
level of cel and gas development that s different than the ieve! analy red in the 
EQS for the current RMP BLM carcfully rewsewed the curremt RMP docmmeons for 
these other resources and land uses agasmst the Uesxcmpown of he impacts of oF 
and gas development descended = the FEDS % determene if tae os and gas deve- 
opment mpects would preciude accompinsitmenm of ie gues and oOpecnves for 
noe-ce and gas rswurces BLM has determened that the other cosource decesons 
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could soll be umpiemented and thew objyectnves achieved with the level of devel- 
opment analyzed in the FEIS and that the land use pian decisions are o* required 
to be changed. Even so, BLM has concluded that completung a dis..etionary 
amendmen: ovat is lumited in scope would be beipful to the public and the ol and 
gas operators because it would consolidate the current directon for management 


of otl and gas msources into a single, comprehensive document. See Appendix Q 
tor more information on this review and determination. 


Conformance with the LRMP 


Currently, all lands on the TBNG are avanlabie for oul and gas leasing. The area 
west of the Wyodak coal outcrop lime 1s avaliable for leasing under the !994 
ROD for Ou and Gas Leasing om the TBNG. East of the coal outcrop line new 
leasing (both the availability and specific lands) decis:ons are inchuded in the July 
2002 20D. This analysis has idenufied no proposed changes to areas detcrmuned 
to be available for oil and gas leasing or additional special smpulanens for 
development of CBM beyend those contained im the Revised 200! TBNG 
LRMP. 

This analysis dig not identify a need to modify or add any Standards. Guidelines 
or lease supulanons to the 200! Revised TBNG LRMP. Within the analyzed 
level of oul and gas development. resource management objectives for the TBNG 
LRMP wall be achieved. Unique aspects of CBM will be adequately mingated 
allocaneons im the Revised TBNG L RMP. 


Proposed Pian Amendments 


The BLM R/v@Ps would be amended to. (|) allow or! and gas explorsnen and de- 
velopment af the level analyzed im the FEIPS. (2) adopt the operamonal require- 
ments inclvded as a new Appendix | im the FEIS and standard condineons of ap- 
proval (Apvendix C m the DEIS and FETS) that have deen established over ume. 
(3) adopt the mngamen measures developed im previous NEPA documents (ref- 
erenced mm Appendix C im the DEIS and mehuded a a new Appendix M im the 
FEIS\ and (4) adopt the new outganeon descmbed m the FEIS (Chapter 4 m the 
DES and FETS). in adubmon. the FEIS updates the NEPA analysis for the RMPs 


for management of orf and gas cxpioranor and development on federal leases. 


For the U.S. Forest Servece. the FEDS wall De used w allow od and gas explore- 
nen gad development at the level analyzed wm the FELIS. update the NEPA analy - 
ss Yor the LRMP and adopt the 100] LRMP stpuianons for the area west of the 


ove! vutcrap lane 


The Proposed Pw: Amendments do oof mciude Changes & he leasing allocapoe 
docrmems. as th. SEIS does sot shires icaseng, 
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Kowa Trike of Okiahoma 

Lower Brule Lakota Tribal ( ouncy! 
Nerthern Arapaho Business ( owns! 
Northern Chevenne Tribal © euncs! 
Powder River Energy ( orporation 
Rosebud Sioux Tribal ( owncs! 

Shoshone Business ( ounct! 

Sesscton- Wahpeton Lakota Tribal C ounct! 
Sport Lake Lakota Tribal Counc! 
Standing Rock Lakota Tribal Counct! 
Three Affihated Tribes Business Counci! 
Turtle Mountain Chippewa 

U.S. Environmental Protection Agency 
Western Gas Resources. Inc 

W voming Outdoor Counc! 

Yankton Lakota Tribe 
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folowing ost dennfies Me agenoss. oTyumzaboms. compames. of 
persons to whem the FEDS was sent. 


Federal and State Officiais 

L_S. Senator Mikee Enz» 

LS. Senator Crag Thomas 

5. Representanve Barbara Cubin 
Wvormmy State Senator Bil! Barton 

Wyoming State Senator John Schiffer 

Wvommy Ste Representanve George MeMurtrey MD 


Federai Agencies 

Federal Energy Reguiatery © ommuissien 

L.S. Army Corps of Engineers (muinpie offices) 

U.S. Department of Energy 

U.S. EPA, Office of Federal Actwittes 

US. EPA, Regson VIE 

LS. EPA, Office of Environmental Achvites 

_.S. Department of Energy 

USDA, Forest Service (muinpie offices) 

USDA, Natural Resources Conservanon Service (muitipie offices) 
LSDI. Bureau of Indian Affairs ( muinpie offices) 

USD. Bureau of Lard Manayemeni {multpie offices) 
USDt, Bureau of Land Management. Denver Federal Center 
USDi. Bureau of Land Management. Division of Planning 
LSD. Bureau of Reciamation ( muitypie offices) 

USDt, Bureau of Reciamanon, Denver Federal Center 

USD. Fish & Wildlife Reference Service 

USDI, Fish and Wildlife Service (muitpie offices) 

USD, Geologseal Survey (multiple offices) 

USD1, Minerais Management Services 

USDI1, National Park Service (muitipie offices) 

USDi, Office of Environmental Policy and Compliance 

USDI. Office of Surface Mining (multiple offices) 
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USDI, Office of the Solicitor 
USDOD, Air Force Environmental, Safety and Occupational Health 


State Agencies 
Montana Department of Environmental Quality 
Wyoming Office of Federal Land Policy 


Local Agencies 

Campbell County Conservation District 

Campbell County Land Use Planning Commission 
Campbell County Planning Commission 

City of Gillette 

Converse County Conservation District 

Lake DeSmet Conservation District 

Powder River Conservation District 

Sheridan County Conservation District 


Tribal Organizations 

Apache Tribe of Oklahoma 

Blackfeet Tribal Business Council 
Cheyenne and Arapaho Business Committee 
Cheyenne River Sioux Tribal Council 
Confederated Salish and Kootenai Tribal Council 
Crow Creek Lakota Tribal Council 

Crow Tribal Administration 

Crow Tribal Council 

Flandreau Santee Lakota Executive Comm. 
Fort Belknap Community Council 

Fort Peck Tribal Executive Board 

Kiowa Tribe of Oklahoma 

Lower Brule Lakota Tribal Council 
Northern Arapaho Business Council 
Northern Cheyenne Tribal Council 

Rosebud Sioux Tribal Council 

Shoshone Business Council 
Sisseton-Wahpeton Lakota Tribal Council 
Spirit Lake Lakota Tribal Council 
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Standing Rock Lakota Tribal Council 
Three Affiliated Tribes Business Council 
Turtle Mountain Chippewa 

Yankton Lakota Tribe 


Organizations 

Citizens Oil & Gas Support Center 
Coal Bed Methane Coalition 

Gillette Area Groundwater Monitoring Org. 
Grass Roots Advocate 

Natural Resources Defense Council 
Petroleum Association of Wyoming 
Powder River Basin Resource Council 
Prairie Hills Audubon Society 

Public Lands Advocacy 

Sierra Club, Northern Great Plains Reg. 
Wildlife Management Institute 
Wyoming Outdoor Council 

Wyoming Wildlife Federation 


Companies 

Anderman Operating Company, Inc. 
Antero Energy, LLC 

Argonne Nationa! Laboratories 
Astrella & Rice, PC 

Ballard Petroleum Holdings, LLC 
Biodiversity Associates 

Bjork, Lindley, Danielson, & Little 
BKS Environmental Associates, Inc 
Bowers Oil and Gas 

Cambria Oil 

Carl Underwood Oil and Gas Company 
Celsius Energy Corporation 

Chaco Energy Company 

CMS Oil & Gas 

Coleman Oil and Gas, Inc. 

Daly Law Associates 

Daub and Associates 
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Daube Company 

Double Eagle Petroleum & Mining Company 
Emerald Operating Company 
Farleigh Oil Properties 

Fence Creek Ranch 

GR Consulting 

Hathaway Land Services 
Independent Landman 
Independent Production 

J.M. Huber Corp 

Jacobs Ranch Mine 

Jim's Water Service 

Kennecott Energy Company 
Lance Oil & Gas Company, Inc. 
Lonabaugh and Riggs 

M&K Oil Company 

Marathon Oil Company 
Mercury Exploration Company 
Michiwest Energy, Inc. 
Minerals Diversified Services 
Moncrief Oil 

MTG Operating 

Nielson & Associates 

North Fina LLC 

Oilfield Compliance 

Osborm Heirs Company 
Padiock Ranch Company 

Peak Exploration 

Petroleum Development Corp. 
Petrox Resources, Inc. 

Pioneer Oil & Gas 

Powder River Onl 

Prima Oil & Gas Co. 

Quantum Energy ) 
Remington Creek, LLC : 
Rio Algom Mining Corp. 

Sands Oil Company 


Stone Energy. LLC 
T. Johnson Drilling 
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Campbell County Public Library 
Converse County Library 

johnson County Library 

Natural Resources Library 

Natrona County Library 

Sheridan College 

Univ. of WY Libraries/Collection Dept. 
Wyoming, State Library 


Individuals 
Ingwersen, F. 
Jeremiah, S. 
Lorenzen, R. 
Mengel. M. 
Nichols, A. 
Swanson, J. 
Swartz, E. 
Whitehead III. N. 
Zimmer, R. 
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Acid Neutralizing Capacity — [he extent to which natural water bodies are able 
to buffer atmosphenc deposition of sulfate or nitrate parnculate matter trom 


Acre-feet The volume of liquid or solid required to cover | acre to a depth of | 
foot, or 43.560 cubic feet; measure used for volumes © water or reservoir 
rock, for example. 

Adserb — A process by which molecules are taken up on the surface of a solid by 
chemical or physical acnon. Large amounts of gases. for example. may be 
adsorbed on the surface of a porous maternal such as charcoal. 

Ad valorem =“ [ax on items that ts imposed af a rate percent of value. 

Affected Environment = [he natural. physical. and human-related en ironment 
that is sensitive to changes caused by proposed actions. the environment un- 
der the administration of a land management agency. 


Air Dispersion Modeling A complex computer mode! that calculates ambient 
concentrations of air pollutants. 


Ailetmeat =A unt of land sustable and available for livestock grazimy that ts 
managed as ome grazing unit. 


Alluvial Deposited by a stream. 

Alluvial Fan — A fan-shaped deposit of unsorted stream sand and grave! located 
where an ephemeral stream issues from a steep mountain valley on to a flat 
plain. 

Albuvial V alley — A valley that contaims stream-deposited silt, sand. and gravel. 


Alluvium — Unconsolidated or poorly consolidated gravel. sands. and clays de- 
posited by streams and nvers on nverbeds. tioodpiains. and alluvial tans. 


Ambient — The environment as it exists at the pomt of measurement and used as 
a basis to Measure changes or impacts. 


Ambient Ceacentration — The mass of a pollutant im a given volume of air [tis 
typrcally measured as micrograms of pollutant per cubic meter of aur. 
Ancillary Facility — Additonal support structures required to develop the min- 


eral resource. In the case of CBM development. this consists of gas com- 
pressor facilities. roads, collecnon pypelines. and electric power lines. 
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Animal Lat Meath for operatoms that mvoive cows and calves « ss the 
amoumt of forage comsumed by a |.000-pound cow and calf (less than 6 
months of age) over a |-month period [t is approxumately | 050 pounds of 
forage 


Agemulus = [he space Detween ihe weil casing and the ooundary of the hole. 


Antiquities 4 gencra! cerm for archacologicai or paleontologscal resources that 
are at least | 00 vears oid and that tangsbly represent or have the potennal tw 
vield information om hrstoncal or prehfestone cultures or cxtenct plants and 
animals. 


Aquifer = 4 bDesiy of rock that 1s sufficiently permeable to conduct groundwater 
and to vield cconomucally sugnificant quanntees of water to weils and 


»pnngs. 
Artifact. An object ( usually portabdic) created or modified bv human achon. 


Assemblage 4 collection of rocks grouped together Dy age of semelar omgin. 


Authorizing Officer Person designated as Demy in the posshen fo speak for 


and commut an agency fo actor. 


Avetdance Area’ An environmentally sensitive area designated Dy am agency 
Authonzanons would be granted only im cases where there is a prevailing 
need and no practical alternative cxursts. and then only with provisions to 
protect the sensitive resources. 


Azgimeth = Honzontal direction expressed as the angular distance Detween ihe 
dr ton of a fixed pot and the direction of the object. 


Background — The wiewig area of a distance zone that lies bevond the fore- 
ground and middieground Ll suailly from a minimum of 3 to 5 miles w a 
maximum of about |5 miles from a travel route. use area. or other observer 
position. Atmosphenc condimors in some areas may limit the Maximum to 
about 8 mrles or mcrease it beyond | 5 mules. 

Best Management Practices —§ 4 practice or combination of practhw es deemed 
the most effective and practicable (including technological, ecomome and 
insntuhional considerations) means of preventing or reducing the ameunt of 
pollution generated by son-poimt sources to a level compatible with water 
quality goals. 

Big Game Large species of wildlife that are managed for hunting. 

Biotic §=Pertamming to iife and living organisms. 


Blow Out Prevention Equipment — A senes of valves on the dri! mg that can 
clese down the weil in the event that the drill bit penetrates zones of extreme 


pressure. 
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Bead © imam guarantee Ww cRsure Compiance with (he Vimerai | casing Acti 
imchudirg Compicte and Ome!) piuggmg of wells. ccclamanen o/ lands of 
adversely affected surface waters. payment of rovaines. asscssments. oF 
penalties. 
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Casepy The more of less commauous cover of Oranches and folage formed 
coflecnveiy Dy the crown of adjacent Irees and offer wood. growth. 


Carbea Dieside (CO,) 4 non-fydrocarDon. Corrosi\c ca (Ral Occurs naturally 
im (he gascous phase im Whe natural gas rescrvow of is injected imto Me rexcr- 
or mM COMmechon with pressure maméienance. gas cycling. of otter «cun- 
dary of enhanced recovery propects. 


Casiag (Noun) A stec! pape hat maretums the openmy of 2 Umi! hole (Verd) 
The act of :astaihmg pepe withen a weil 


Catalyst A suDstance that enabdies a Chemical reaction to proceed af 2 usually 
taster rate of under different condimens than otherwise pussidic. 


Catiea A pwsiive wn. winch im ciectrolvses twavels w the cathode and is dis- 
charged there. 


Cement Bead Leg = 4 ecuphysical log thal confirms the Continuous placement 
of cement withen the annudus of the weil! to seolate the formamen of interest 
and to prevent commungiing of different aqutiers around the Casing. 


Characteristic Landscape [he cstadinshed landscape with an area viewed. 
The term does not necessarily mean a natural character. but may refer to fea- 
tres of the cultural landscape such as a farming community. an urdan land- 
scape. or other landscape that has an idennfiable character. 


Clear Air Act — Public Law 84-159. established July |4_ 1955. and amended 
numerous fumes since. The Cleam Air Act: establishes federal standards for 
tnbes. and local agencies to regulate polluting emussions. requires the agen- 
cies to umprove a guality in areas of the country which do not meet federal 
standards. and to prevent significant detenoration in areas where aur quality 
ts cleamer than the standards. The act also requires that al! federal activites 
(ewther direct or authomzed) comply with applicable local. state. trrbal. and 
plans. In addition. before these actrvites can take place in non-attaimment 
Of Mamftenanece areas. the federal agencres must conduct a conformity analy - 
sis (and possible determimation) to demonstrate that the proposed activity 
will comply with ail applicable air quality requirements. 


Climatelegy — Scrence of climate and its causes. 


Ceal Bed - A seam or stratum of coal parailei to the rock stranficanon. 
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CPR Code of Federai Reguiamons. (te compriamer of reguianems adopted Dv 
federal agencies hrowgh 2 cule-makong process. 


Ceifevial Conssnng of 4 mevture of sod and angular fragments of rock that 
have accumulated af (he foot and or siopes of mountamsades unucr fhe in- 
thuemee of gravity 


Coditevemm = 4 mixture of wor and anguiar (ragments of rock that have accumu- 
lated af the fowt ang on Siopes of mountammsades under the influence of grav - 


Commeunnty [vpes (vegetatfiem) = \ group of plants (Ning in 2 specific region 
under reianveiy samiar condrhons. 


Compresser = Equipment (ciectneaily of gas~drmven) used t increase the pres- 
sure on the produced gas to Move if into (ramsmession |imes of into storage. 


Ceagiemerate 3 \ sedimentary rock comprsed of an unstratified muuture or 
stranfied lavers of cobbles. gravel. and sand. 


Cenifereus Refermny to a come-Dearny, usually evergreen. (ree. 


Ceatrast — The effect of a striking difference in the form, |ine. color, of texture 
ot the landscape features within the area viewed. 


Ceaveyance Less — The percentage reduction in water volume dDetween the ime 
it 1s discharged to the surface and the "me it reaches a perenmal stream. 
Thas reduction in volume is due to the processes of infiltranon and evapora- 
non. 


Criteria Pellutaats — Air pollutants for which the LS. Environmental Protection 
Agency has established state and natonai ambrent air quality standards. 
These standards include particulate matter (PM,,.). nitrogen oxides ( NO). 
sulfur dioxide (SO,), carbon monoxide (CO), and volamle orgamic com- 
pounds (VOC). 


Cubic Feet — The volume of gas contained in | cubtc foot of space at a standard 
pressure base of |4.7 pounds per square inch absolute (psia) and 4 standard 
temperature base of 60 degrees Fahrenhert. 


Cultural Component — [he elements or attmbutes of a cultural resource that rep- 
resent a discrete episode, occupatien, or pened. 

Cultural Reseurces — The archaeological and histomeal remains of human occu- 
pation or use. Includes any manufactured objects, such as tools or burldings. 


May also inciude objects, sites, or geological and geographical locations that 
are significant to Native Americans. 
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Cultural Mgaificance  (s cmdedied in De quaiihes of prefsstome of Mstorec 
dastmets, safes. Dusidimgs. structures, or o®yects Mat meet Me Natonal Regss- 
wr Cmtema for Evaluanen (Tithk 36 CFR Par 00.4). The applicanon of these 
cMtena «ss expiammed in the Nanonai Regrster Builenn | 5. dismmbuted by the 
Nanonai Park Service 


Cumeaiative Effects — As defined by Tithe 40 CFR Part |508.7_ cumulanve ef- 
fects are the impacts ve the enviromment that resuil [rom the incrementai 
impact ~~ the achon when added to otMer pas. present. and reasumadiy fere~ 
sevable fudure achons, regardless of the agency or persor that undertakes the 
other achens. Cumuianve effects can result from und dually minor dut col- 
lecuvely sagmficant achens aking place ower 2 pened of Ime. 


@BA The sound pressure leveis im decrdeis measured with a frequency wergh- 
Mg Network Corresponding w the A-scaie on a standard sound leve! meter. 
The A-scaie tends to suppress lower frequencies. usualy Delow | 000 Hz. 


Decibels (GBA) Lom of dexembing the amplitude of sound frequencies wo 
winch the human ear is sensitive 


Decwdueus = [rees or shrubs that lose them leaves cach year dumng a cold or dry 
season. 


Decommissieaimg = Generali!) removal of 2 facility of piece of equipment from 
service. of a change im status from actrwe to mactrve. 


Demographic = Pertanmimy wo the stay of Qumman populahen Charactensnes in- 
mortality rates. 


Deserd = [To restore an acsorted suOstance 


Direct Effects — As defined by Title 40 CFR Part |508.9. these effects are 
caused Dy the achon and occur at the same ome and piace a5 the achon. 
Synonymous with direct umpacts. 


Direct impact Area An area analyzed for the effects of an actron that would 
occur at the same piace and at the same Mme. 


Discharge The volume of water flowimg pest a pomt per unit Hume. cCommon!y 
expressed as cubic feet per second (cfs). gallons per minute (gpm). or mul- 
hon gallons per day (mgd). 


Dispersed Recreatiea —§ A general term that refers to recreation use outside the 
developed recreation sit=s This term wctudes activites such as sceme dmv- 
Distance Zoaes = Areas of landscapes denoted by specified distances trom the 


observer. Used as a frame of reference to discuss landscape charactensncs 
or activities of man. 
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» Background (bg) — Area located from 3 to 5 miles © infinity from 
viewer. 

» Middleground (mg) - Area located from 0.25 wo 0.50 to 3 tw 5 miles 
from the viewer. 

» Foreground (fg) - The detasied landscape found within 0 tw 0.25 wo 
0.50 mile from the viewer, 


Disturberce = Ar event that changes che local environment by removing organ- 
isms of opemmyg up an area. facrltanng colonisation dy new, often different. 
organisms. 


Disturbed Area = Area where natural vegetation and sotis have been removed or 
disrupted. 


Diversity = [he distmbuner and abundance of different piant and anual Com- 
mumites and species within the area covered by 2 Land and Resource Man- 
agement Pian. 


Draimage — Natural channe! that contamms flowing water for some wme of the 
year. Natural and artficial means for effecting discharge of water as by a 
system of surface 2nd subsurface passages. 


Drill Bit — The cutting devise used to dri a weil. It is typically made of hard- 


Drilling Mud — The corcuianng fluid used to Dmg cuttings out of the well bore. 
cool the dinil bit. and provide stability and pressure control in the hole. Drill- 
ing mud includes a number of additrves to masmiain desired viscusities and 
werghts. Some additwwes that may be used are caustic. tonic, or acidic. 


Earthqeake — Sudden movement of the carth’s crust as a result of faulting. vol- 
camsm, or other mechanisms. 


Ecesystem — An interacting system of organisms considered together with their 
environment. for example. marsh. watershed. and stream ecosystems. 


Eceteme = The boundary or transition zone between adjacent pliant communitic s. 


Effects — Environmental consequences as a result of a propesed or alternative 
action. Included are direct effects, which are caused by the action and occur 
at the same ume and place. and indirect effects, which are caused by the ac- 
nen and are later in time or farther removed in distance but which are snil 
reasonably foreseeable. Also referred to as impacts. 


Endangered Species — Any species of animal or plant which ts in danger of ex- 
unction throughout all or significant portions of its range and has been des- 
ignated “endangered” in the Federud Register by the Secretary of the Inte- 
nor. Disturbance of the habitat of endangered species is prohibited by the 
Endangered Species Act of 1973, as amended. 
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Endemic — Confined naturally to a particuiar geographic area. Often used in op- 
position to the word epidemic. 


Environment - The aggregate of physical, bioiegical, economic, and social fac- 
tors that affect organisms in an area. 


Envireamental Analysis — An analysis of aitermamve actions and their predict- 
direct, indirect. and cumulanwve effects. 


Environmental Assessmeat — A concise public document which serves to (1) 
prepare an environmental impact statement (EIS) or a Finding of No Sig- 
nificant Impact: (2) aid am agency's compliance with the National Environ- 
mental Policy Act (NEPA) whem no EIS is necessary: (3) facilitate prepara- 
tion of an EIS when necessary. 


Environmental Impact Statement — An analysis of alternative actions and their 
mpi: b eff anchelinn shasieah tisheabell 4 
and direct. indirect, and cumulative efiects. 


Environmental Jusiier — Executive Order | 2898 (February ||, 1994) mandates 
federal agencies to idennfy and address disproportionately gh and adverse 
human health or environmental effects of its programs, policies, and activi- 
tes on minority and low-income populations. 


Ephemeral Drainage - A drainage area or a stream that has no base flow. Water 
flows for a short ime each year but only im direct response to rainfall or 
snowmelt. 


Emission —§ Av polluton discharged into the atmosphere. usually specified by 


Eresien — Detachment or movement of soil or rock fragments by water, wind, 
ice, or gravity. Accelerated erosion is much more rapid than normal, natural 
or geologic erosion, pnmartly as a result of the influence of activities of 
man, animals, or natural catastrophes. 


Evaluation (National Register) — The informed assessment of the qualities of a 
cultural resource im terms of a defined historic context in order to assess 
whether or not the resource ts eligible for the National Register of Historic 
Places, and is therefore a histome property. 


Exploration — The search for economne deposits of minerals, ore, and other ma- 


Fault - A fracture in bedrock that has undergone vertical or homzontal move- 
ment caused by differential forces in the earth’s crust. 


>7 US PRB O & G FEIS 


BEST COPY AVAILABLE 


Chapter 9 — Glossary 


Faulting — Relative displacement of adjacent bedrock along a fracture. 
Fisheries — Streams and lakes used for fishing. 

Fisheries Habitat — Streams, lakes, and reservoirs that support fish. 
Flaring — The controlled ignition of natural gas at a wellhead. 


Floodplain — The portion of a river valley, adjacent to the channel, that is built of 
recently deposited sediments and is covered with water when the river over- 
flows its banks at flood stages. 


Fluvial — Comprehensive term for river processes. 


Footprint — The actual surface area physically disturbed by oil and gas opera- 
tions and ancillary facilities. 


Forage — Vegetation used for food by wildlife. particularly big game and domes- 
tic livestock. 


Forb — A broad-leaved, flowering plant. 


Foreground-Middleground - The area visible from a travel route, use area, or 
other observer position to a distance of 3 to 5 miles. The outer boundary of 
this zone is defined as the point where the texture and form of individual 


plants are no longer apparent in the landscape and vegetation is apparent 
only in pattern or outline. 


Fracturing — A method of stimulating well production by increasing the perme- 
ability of the producing formation. Fracture fluids, which include propping 
agents such as sand or glass beads, are pumped into the formations under 
extremely high hydraulic pressure. The propping agents facilitate the forma- 
tion of channels to release water and gas into well. 


Fugitive Dust — Airborne particles emitted from any source other than through a 
controllable stack or vent. 


Game Species — Animals commonly hunted for food or sport. 


Gas Venting — The release of gas into the atmosphere after well development 
and before successful installation of the collection pipeline. 


Geotechnical — A branch of engineering concerned with the design aspects of 
slope stability, settlement, earth pressures, bearing capacity, seepage control, 
and erosion. 


Glacial Outwash — The material deposited by streams flowing within a glacier 
and by melt-waters during times of glacial advance and retreat. 


Grade — A slope stated in terms of feet per mile or as feet per feet (percent); the 
content of precious metals per volume of rock (ounces per ton). 
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Groundwater — All subsurface water, especially as distinct from surface water in 
the zone of saturation. 


Habitat — The place or type of site where a plant or animal naturally or normally 
lives and grows. Includes all biotic, climatic, and soils conditions, or other 
environmental influences that affect living conditions. 


Habitat Diversity — The distribution and abundance of various plant and anima! 
communities and species within a specific area. 


Habitat Fragmentation — The process that increasingly subdivides habitats into 
smaller units, resulting in their increased isolation as well as loss of total 
habitat area. 


Habitat Type — The aggregate of all areas that support or can support the same 
primary vegetation at climax. 


Herbaceous - The plant strata that contain soft, not woody, stemmed plants that 
die to the ground in winter. 


Historic Context — Defined historical or traditional patterns or trends of a dis- 
crete theme or period of history or prehistory within which an event, site, 
object, or class of objects can be understood and compared with similar or 
related events, sites, or objects. 


Historic Landscape — A type of historic district that is a geographic area, or the 
sites, buildings, structures, natural and cultural features, and objects within a 
defined geographic area, that together represents a defined historic or prehis- 
toric theme and period. The definition of a historic landscape includes: (1) a 
significant theme (linkage or continuity) such as a specific economic activ- 
ity or ethnic group, (2) definitions of the sites, buildings, structures, natural 
features, cultural landscape modifications, and objects (property types) that 
represent the theme, and (3) a cultural period or range of dates. 


Historic Property. — Any cultural resource that is listed on or eligible for the 
National Register of Historic Places under the National Register Criteria 
(Title 36 CFR Part 60.4{a-d]). 


Hydrogen Sulfide (H,S) — A flammable, poisonous, corrosive gas with an odor 
that suggests rotten eggs, which can occur naturally in the gaseous phase in 
natural gas reservoirs. 


Hydrology — A science that deals with the properties, distribution, and circula- 
tion of surface and subsurface water. 


Hydrostatic Testing — Testing the integrity of a newly placed, but uncovered, 
pipeline for leaks. The pipeline is filled with water and pressurized to oper- 
ating pressures, and the pipeline is visually inspected. 


impoundment -— The accumulation of water in a reservoir or other storage area. 
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indemnify — To secure against. or to provide compensation for incurred loss. 
hurt. or damage. 


indirect Effects - As defined by Tithe 40 CFR Part 1508.8, these effects are 
caused by the action but occur later in time or are removed in distance from 
the action, but are still reasonably foreseeable. Synonymous with indirect 
impacts. 

infiltration — The movement of water or some other liquid into the soil or rock 
through pores or other openings. 


Infrastructure — The basic framework or underlying foundation of a commu- 
nity, including road networks. electric and gas distribution. water and sanita- 
tion services. and facilities. 


injection Well Any well used for the disposal of air, gas. water, or other sub- 


in Situ - The quality of being in place. typically referring to an object still being 
in the location where it was left or deposited after the activity or event with 
which it is associated. The concept implies that the object. or set of objects, 


intermittent Stream — A stream that flows only at certain times of the year 
when it receives water from alluvial groundwater, springs, or from some 
surface source such as melting snow in mountainous areas. 


irretrievable — Applies to the loss of production, harvest, or use of natural re- 
sources. For example, some or all of the timber production from an area is 
lost irretrievably while an area is serving as a winter sports site. The produc- 
tion lost is irretnevable, but the action ts not irreversible. If the use changes, 
it is possible to resume timber production. 


Irreversible — Applies primarily to the use of nonrenewable resources, such as 
minerals or cultural resources, or to factors that are renewable only over 
long time spans, such as soil productivity and aspen regeneration. Irreversi- 
ble also includes loss of future options. 


isolated Find — A single or conjoinable historic or prehistoric artifact that was 
found at least 30 meters from any other historic or prehistoric object or fea- 
ture with which it could reasonably be associated. 


Landform — Any physical, recognizable form or feature of the Earth’s surface, 
with a characteristic shape and produced by natural causes. Includes major 
features such as plains, plateaus, and mountains, and minor features, such as 
hills, valleys, slopes, canyons, arroyos, and alluvial fans. 


Landscape Character — The arrangement of a specific landscape as formed by 
the variety and intensity of the landscape features, as defined as the four ba- 
sic elements (form, line, color, and texture). These factors give the area a 
distinctive quality that distinguishes it from its immediate surroundings. 
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Landslide — A perceptible downhill tiding or Gilling of o mam of onl and cask 
lubricated by moisture or snow. 


Land Use — Land uses identified for a specific area that establish the types of 
activities allowed (for example, mining, agriculture, timber production, resi- 
sential. or industeial) 


Lease — Any contract, profit-share arrangement, joint venture, or other agreement 
issued or approved by the United States under a mineral leasing law that au- 
thorizes exploration for, extraction of, or removal of oil or gas. 


Lek — An area used by sage grouse for mating displays (strutting ground). 


Lithic Scatter — Is a surface scatter of cultural artifacts and debris that consists 
entirely of lithic (stone) tools and chipped stone debris. This type is a com- 
mon prehistoric site that is contrasted to a cultural material scatter, which 
contains other or additional artifact types such as pottery or bone artifacts, to 
a camp that contains habitation features, such as hearths, storage features, or 
occupation features, or to other site types that contain different artifacts or 
features. 


Loam — A mixture of sand, silt, and clay that contains between 7 and 27 percent 
clay, 28 to 50 percent silt, and less than 50 perceni sand. 


Lecus — Is a discrete place or physical location generally used in describing the 
qualities of a site. When the term is used in contrast to a site, it refers to a 
locality that contains the traces of a brief, limited, or transient cultural activ- 


ity. 
Long-Term Impacts - As used in the Powder River Oil and Gas NEPA analysis, 
long-term effects generally last beyond the construction period. 


Macroinvertebrates — Aquatic invertebrate animals that live on or in the surface 
of the substrate of streams or lakes. 


Management Area — An area composed of aggregate pieces of land (generally 
several to many analysis areas) where specific management objectives and 


prescriptions are applied. 

Management Direction — A statement of multiple use and other goals and objec- 
tives, along with the associated management prescriptions and standards and 
guidelines to direct resource management. 


Median — A value in an ordered set of values above and below which there are 
an equal number of other values. 


Mesic — A habitat characterized by moderai> moisture and temperature condi- 
tions and by a profusion of plant life. 


Methane (CH,) — The simplest hydrocarbon; natural gas is nearly pure methane. 
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Mitigate — To lessen the severity. 


Mitigation — Actions to avoid, minimize, reduce, eliminate, or rectify the impact 
of a management practice. 


Modified Mercalli Intensity Scale — A qualitative measurement scale that de- 
scribes the intensity (degree of shaking) felt by people, structures, and the 
ground. Intensities range from | (felt by few, if any, people) to XII (total 
damage). 


Moniter — To systematically and repeatedly watch, observe, or measure envi- 
ronmental conditions to track changes. 


Menoculture — An area characterized by vegetation that consists of a single spe- 
cies, such as a wheat field. 


Mottled — Marked by different shaded spots. 


National Ambient Air Quality Standards (NAAQS) - The allowable concen- 
trations of air pollutants in the air specified by the federal government. The 
air quality standards are divided into primary standards (based on the air 
quality criteria and allowing an adequate margin of safety and requisite to 
protect the public health) and secondary standards (based on the air quality 
criteria and allowing an adequate margin of safety and requisite to protect 
the public welfare from any unknown or expected adverse effects of air pol- 
lutants). 


National Register of Historic Places — A list, maintained by the National Park 
Service, of areas that have been designated as being of historical signifi- 
cance. 


Native Species — Plants that originated in the area in which they are found, in 
other words, they naturally occur in the area. 


Natural Gas — Those hydrocarbons, other than oil and other than natural gas liq- 
uids separated from natural gas, which occur naturally in the gaseous phase 
in the reservoir and are produced and recovered at the wellhead in gaseous 
form. Natura! gas includes coal bed methane. 


National Environmental Policy Act — The Na‘ional Environmental Policy Act 
of 1969 is the national charter for protection of the environment. NEPA es- 
tablishes policy, sets goals, and provides means for carrying out the policy. 
Regulations at Title 40 CFR Parts 1500—1508 implement the act. 


Nesting Substrate — The site where a nest is placed, such as a tree, cliff, or 
ground. 


Nexious Weeds — An alien, introduced, or exotic undesirable species that is ag- 
gressive and overly competitive with more desirable native species. 
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Ozone — A molecule that contains three oxygen atoms (O;) produced by passage 
of an electrical spark through air or oxygen (O>). 


Pan Evaporation — A measurement of water loss to the atmosphere from a stan- 
dard evaporation pan with a diameter of 47.5 inches and a depth of 10 
inches. 


Paleontology — The science that deals with the history and evolution of life on 
earth. 


Particulate Matter — A particle of soil or liquid matter (soot, dust, aerosols, 
fumes, and mist). 


Passerine — A taxonomic order that includes perching birds and songbirds. 


Peak Flew — The highest flow attained when winter snowpack melts or during a 
large precipitation event. 


Perennial — A plant with a life cycle that lasts longer than 2 years. The tops of 
herbaceous perennials die down at the end of the growing season, but buds, 
roots, and other underground portions persist. 


Perennial Stream — A stream or reach of a stream that flows throughout the 
year. 


Permeability — The capacity of a soil or groundwater aquifer to transmit water. 


Permeabie — The property or capacity of a porous rock, sediment, or soil to 
transmit a liquid. 


pH — The negative log)» of the hydrogen ion activity in solution; a measure that 
indicates whether a solution ts acid or base. 


Physiegraphic — Pertaining to the genesis and evolution of landforms. 


PM,» — Airborne suspended particles with an aerodynamic diameter of 10 mi- 
crons or less. 


Porosity — The voids or openings in geological materials. 


Potentiometric Surface — A surface that represents the total head in an aquifer; 
it represents the height of the water level in tightly cased wells that penetrate 
the aquifer. 


Prevention of Significant Deterioration (PSD) — A reguiatory program under 
the Clean Air Act (Public Law 84-159, as amended) to limit degradation of 
air quality in areas that currently achieve the National Ambient Air Quality 
Standards. The PSD program established air quality classes that allow dif- 
fermg amounts of additional air pollution above a legally defined baseline 
level. Almost any additional air pollution would be considered significant 
in PSD Class I areas (certain large national parks and wilderness areas in ex- 
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istence on August 7, 1977, and specific tribal lands redesignated since then.) 
PSD Class Il areas allow detenoration associated with moderate. well- 
controlled growth (most of the country). Although Class Ill areas would al- 
low greater incremental impacts planned individual growth, no Class Ill ar- 
eas have been established. 


Preduced Water — Formation water pumped during development of a gas well. 


Productivity — In reference to vegetation, productivity is the measure of live and 
dead accumulated piant materials. 


Range — Land that produces native forage for anumal consumption and lands that 
are revegetated naturally or artificially to provide forage cover that is man- 
aged hke native vegetation. which are amenable to certain range manage- 
ment principles or practices. 


Raptor — A bird of prey with sharp talons and strongly curved beaks that preys 
on living animals. (The category includes eagles, hawks, falcons, and owls.) 


Reach — (1) Most generally, any specified 'ength of a stream, channel. or con- 
veyance. (2) A length of channel that is uniform in its discharge depth, area, 
and slope: a relatively homogenous length of stream having a simular se- 
quence of characteristics. (3) A length of channel for which a single gage af- 
fords a satisfactory measure of the stage and discharge. (4) The length of a 
nver between two gaging stations. 


Recharge — Replenishment of the water supply in an aquifer through the outcrop 
or along fracture lines. 


Reclamation — The process of restoring disturbed areas using any of several 
planting, among others. 

Recentouring — Restoration of the natural topographic contours by reclamation 
measures, particularly in reference to roads. 


Record of Decision — A decision document for an environmental impact state- 
ment or supplemental EIS that publicly and officially discloses the responsi- 
ble official’s decision regarding the actions proposed in the EIS and their 
— 


Recreation Oppertunity Spectrum Settings — A system of measuring the 
land’s ability to meet the expectations of recreation users. Six recreation 
categones, from primitive (natural) to urban (highly modified) describe the 
activities, settimgs, and experiences an area offers. The following categories 
may be found in or near the analysis area: 

> Urban - A highly modified environment, although the background 
may include natural elements. Sights and sounds of man predominate, 
and large numbers of users can be expected. 
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» Rural - An area charactenzed by the sights and sounds of rural resi- 
dential and agricultural land uses. The interaction between users is of- 
ten moderate to high. 

» Roaded Natural —- A road corndor with a landscape that is character- 
ized as natural or natural appearmmg. The road has moderate to high 
use. 

» Sem:-Prmitive Motonzed - A natural area predominantly unmodified 
by man. There are opportunities for isolation from the sights and 
sounds of man, but occasional evidence of other area users 1s visible. 


Recreation Visiter Day — A measurement equivalent io one person recreating 
for 12 hours or several people for a total of 12 hours. 


Reserve Pit — A pit prepared on a well pad before dniling to use for retention. 
evaporation, and disposal of wastewater. Wastewaters will contain a com- 
ponent of fine solids. 


Reserves — Identified resources of mineral-bearing rock from which the mineral 


can be extracted profitably with existing technelogy and under present eco- 
nomic conditions. 


Residuum — Unconsolidated maternal that accumulates by weathering of parent 
material in place. 


Resources (Geolegic) — Reserves pilus all other mineral deposits that may even- 
tually become available - either known deposits that are not recoverable at 
present, or unknown deposits that may be inferred to exist but have not yet 
been discovereu. 


Riffle — A shai'ow section of stream with rapid current and a surface broken by 
gravel, rubble, or boulders. 


Rights-of-W ay — An accurately located stnp of land with a defined width. point 
of beginning, and point of ending. The user has authority to conduct opera- 
tions in this area as approved or granted by the landowner in an authonzing 
document, such as a permit, casement, lease, license, or Memorandum of 


Understanding. 

Riparian — Land areas that are directly influenced by water. They usually have 
visible vegetative or physical characterisncs showing this influence. Stream- 
sides, lake borders, or marshes are typical mparian areas. 

Riparian Ecesystem — A transition between the aquatic ecosystem and adjacent 
upland terrestrial ecosystem: identified by characteristics of the soil and dis- 
unctive vegetation communities that require free or unbounded water. 

Rockfali — Rapid fall of a detached piece of bedrock from a cliff or steep slope. 


Roeesting — To rest or sleep in a roost. A bird will typically use the same roost 
over an extended period of time. 
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Runeff — The part of precipitaneon that appears in surface streams. The term de- 
senbes precipitation that is not retained on the site where it falls and is not 
absorbed ty the soil. 


Saimenidae — A family of fish that includes salmon and trout. 


Saimeaid Spawning Areas — W aters that provide or could provide a habitat for 
active, seif-propagating populations of salmonid fishes. 

Seatter (archeolegical) — Random evidence of pnor disturbance that is distmb- 
uted about an area rather than concentrated in a single location. 


Scoping — Procedures agencies use to establish the extent of anaiysis necessary 
for a proposed action, (the term includes the range of actions, alternatives, 
and umpacts to de addressed: identification of significant issues related to a 
proposed action: and the depth of environmental analysis, data. and task as- 
signments needed). 

Sedge — Plants that resemble grasses but have hollow rather than woody stems. 


Sediment - Soil or particles of rock that have been transported to stream chan- 
nels or other bodies of water. Sediment input comes from natural sources, 
such as erosion of soil, weathering of rock, agricultural practices, or con- 
struction. 


Sediment Lead — The amount of sediment (sand, silt, and fine particles) carned 
by a stream or river. 


Sedimentary — Rock formed from fragments of pre-existing rocks (such as sand- 
stone) or by precipitation from solution (for example, lumestone). 


Seedling — A newly germinated pliant. 
Seismic — Pertaining to or produced by earthquakes. 


Sensitive Species — designation used by BLM and FS applied to species that may 
become endangered or extinct in the state. 


Sensitivity Level — A degree or measure of viewer interest in the scenic qualities 
of the landscape. Three levels of sensitivity have been defined: 
» Sensitivity Level | - The highest sensitivity level, referring to areas 
seen from travel routes and use areas with moderate to high use. 
» Sensitivity Level 2 - An average sensitivity level, referring w areas 
seen from travel routes and use areas with low to moderate use. 
> Sensitivity Level 3 — The lowest sensitivity level, referring to areas 
seen from travel routes and use with low use. 


Seven-day, 1@-year low flow (7Q19) — The minimum flow averaged over seven 
consecutive days that is expected to occur om average, once in any 10-year 
period. The 7Q1@ has a 10-percent chance of occurring in any given year. 
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Short-Term impacts — As used in the Powder River Basin Oil and Gas NEPA 
analysis, short-term impacts are generally defined as effects that would oc- 

Shut In — Refers to a well that is completed, is shown to be capable of produc- 
uon in paying quantities, and is not currently being operated. 


Significant — As used n NEPA, the determination of significance requires con- 
sideration of both context and intensity. Context means that the significance 
of am action must be analyzed im several contexts such as society as a whole, 
of umpacts (Title 40 CFR Part 1508.27). 


Slump - Slide or earthflow of a soil mass. 
Seil — Loose, unconsolidated surface material that makes up topsoil and subsoil. 
Spawning — The deposition of eggs and sperm by fish. 


Special Status Species —Species. of plants or animals that have appeared in the 
Federal Register as federally endangered, threatened, or proposed species 
under the Endangered Species Act; species identified by the Bureau of Land 
Management (BLM) or U.S. Forest Service (FS) as. sensitive species, or spe- 
cies on an official state list 


Species — Organisms that successfully reproduce among themselves and cannot 
reproduce successfully with other organisms. 


Species of Special Concern — A native species designed by a state wildlife 
agency because its population ts low and limited in distribution or because it 
has suffered sigr*ficant reductions as a result of habitat loss. 

Specifie Conductance (measured in microhmos per centimeter, abbreviated 
umhos/cm) — A measure of electricai conductivity in water that ts influenced 
by the mineral content of the water. 

Stermwater Runeff — Overiand runoff from snowmelt or a precipitation event. 


Strata - An identifiable layer of bedrock or sediment: the term does not imply a 
speeniic thickness of rock. 

Stratified — The quality of sediments or cultural deposits composed of or in the 
form of layers (strata) that represent distnguishable episodes or periods. A 


stratum formed by a more recent episode wil! he above an older stratum 
formed in the same location (superposition). 


Substrate — Material that consists of silts, sands, gravels, boulder and woody 
debns found on the bottom of a stream channel. 


Target formation — The geological association of rocks that contain the exploit- 
able mineral reserves. 
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Telemetry — Instrumentation to transmit sciennfic equipment readings from re- 
mote locations to a central site. 

Threatened Species — Any species of animal or plant that is likely to become 
endangered within the near future throughout ail or significant portions of its 
range. It has been designated in the Federa/ Register by the Secretary of the 
Intenor as a threate..°d species. Disturbance of the habitat of threatened spe- 
cies is prohibited by ue Endangered Species Act of 1973, as amended. 


Thrust Faulting — Low-angie fracturing of bedrock in response to honzontal 
stress within the earth’s crust 


TMDL (Total Maximum Daily Lead) — The limitations on the introduction of 
pollutants to a waterbody are identified through development of a TMDL 
under Section 303(d) of the Cleam Water Act. A TMDL includes both a 
wasteload allocanon (WLA), which focuses on point sources, and a load al- 
location (LA), which addresses non-point sources. 


Total Dissolved Selids — Total amount of dissolved maternal, organic or inor- 
ganic, contained im a sample of water. 

Total Suspended Seiids — Ameunt of undissolved particles suspended in liquid. 
Transmissivity — The rate waiter is transmitted through a unit width of a 
gruundwater aquifer or confining bed under a unit hydraulic gradient. 
Turbidity — A measurement used in fisheries of the total suspended solids in wa- 

ter expressed as nephelometric turbidity units (NTU). 

Understory — The trees and other woody species that grow under a more or less 
continuous cover of branches and fohage formed coilectively by the upper 
portion of adjacent trees and other woody growth. 

Variety Class — A specific ievel of visual variety or diversity of landscape char- 
acter. There are three variety classes: A. B, and C. 

» Vanety Class A — distinctive 
» Vanety Class B —- common 
» Variety Class C — minimal 


Vegetation — Al! of the plants that grow im and charactenze a specific area or 
region; the combination of the various plant communities found there. 


Very High Frequency Omnidirectional Range (VOR) — Refers to VOR radio 
airports and involve herght restnctions for development. 

Visual Resource - The composite of basic terrain, geologic features, water fea- 
tures, vegetation patterns, and land use effects that typify a land umit and in- 
fluence the visual appeal of the unit for viewers. 
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Visual Resource Management System — The BLM system for evaluating and 
classifying visual resources. The system uses lime, form, color, texture, 
scale. and space to categonze lands into one of four classes: 

» Class L Preservation 

» Class IL Retention 

» Classi Partial Retention 
» ClassIV. Modification 


Water Quality — Refers w a set of chemical, physical, or biological characters- 
ucs that describe the condition of a mver. stream, or lake. The quality of wa- 
ter determines the beneficial uses it can support. Different instream condi- 
uons or levels of water quality are needed to support different beneficial 
uses. 


Waters of the United States — A jursdictional term from Section 404 of the 
Clean Water Act that refers to water bodies such as lakes, mvers, streams 
(including intermittent streams). mudflats, sandflats. wetlands, sloughs, pra:- 
ne potholes, wet meadows, playa lakes. or natural ponds, where the use. 
degradation, or destruction could affcet imierstate or foreign commerce. 


Watershed — Al! of the land that draims surtace water to 2 specific stream above 
a designated pout (usually its mouth) also called a stream dramage or 
drainage basin. 

Well Head — The equipment used to maintaim surface control of a well. It is 
composed of the casimg head, tubing head. and a senes of valves and fit- 
tings. 


Well Pad — A leve! area constructed to dni! a weil. 


Wetlands — Areas that are inundated by surface or groundwater with a frequency 
sufficient to support and under normal circumstances does or would support 
a prevalence of vegetation or aquatic life that requires saturated or season- 


Winter Range — The place where migratory (and sometimes non-migratory ) ani- 
mals congregate during the winter. 


Werkever — Weil masntenance that requires on-site mobilizanon of a dnl mg to 
repair the weil bore equipment (casing, tubing, rods, or pumps) or the well- 
head. In some cases, a workover may involve development to umprove pro- 
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